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PREFACE. 

In the present volume I have endeavoured to explain, 
ia simple language, some difficult prohlems in "Aninial 
Mechanics." In order to avoid elaborate descriptions, I 
have introduced a lai-ge number of original Drawings 
and Diagrams, copied for the moat part from my Papers 
and Memoirs " On Flight," and other foims of " Animal 
Progression." I have drawn from the same sources 
many of the facts to be found in the present work. My 
best thanks are due to Mr. W. Ballingall, of Edinbui'gh, 
for the highly artistic and effective manner in whieli he 
has engraved the several subjects. The figures, I am 
happy to state, have in no way deteriorated in Iiis 
bands. 



Royal Collboe of Surgeons of EDiBBUfMiii, 
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AlflMAL LOCOMOTION. 



INTEODUCTIOlSr. 

The locomotion of animals, as exemplified in walking, swim- 
ming, and flying, is a subject of permanent interest to all 
who seek to trace in the creature proofs of beneficence and 
design in the Creator. All animals, however insignificant, have 
a mission to perfonn — a destiny to fulfil ; and their manner of 
doing it cannot be a matter of indifference, even to a careless 
observer. The most exquisite form loses much of its grace 
if bereft of motion, and the most ungainly animal conceals ita 
want of symmetry in the co-adaptation and exercise of its 
several parts. The rigidity and stillness of death alone are 
unnaturaL So long as things " live, move, and have a being," 
they are agreeable objects in the landscape. They are part 
and parcel of the great problem of life, and as we are all 
hastenii^ towards a common goal, it k but natural we should 
take an interest in the movements of our fellow-travellers. 
Aa the locomotion of animals is intimately associated with 
their habits and modes of life, a wide field is opened up, 
teeming with incident, instruction, and amusement. Mo one 
can see a bee steering its course with admirable precision from 
flower to flower in search of nectar ; or a swallow darting 
like a flash of light along the lanes in pursuit of insects ; or 
a wolf panting in breathless haste after a deer ; or a dolphin 
riilling like a mill-wheel after a shoal of flying fish, without 
feeling his interest keenly awakened. 
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a ANIMAL LOCOMOTION. 

Nor is this love of motion confined to the animal kingdom. 
We admire a cataract more than a canal ; the sea is grander 
in a hurricane than in a calm ; and the fleecy clouds which 
constantly flit overhead are more agreeable to the eye than 
a horizon of tranquil blue, however deep and beautiful. We 
never tire of sunshine and shadow when together : we readily 
tire of either by itself. Inoi^anic changes and movements 
are scarcely less interesting than organic ones. The disaffected 
growl of the thunder, and the ghastly lightning flash, scorching 
and withering whatever it touches, forcibly remind us that 
everything above, below, and around ia in motion Of ab- 
solute rest, as Mr. Grove eloquently puts it, nitare gi^ei us 
no evidence. All matter, whether living or dead, whether 
solid, liquid, or gaseous, is constantly chan^ng form in other 
words, is constantly moving. It is well it is so , for those 
incessant changes in inorganic matter and li\ing ort;anisms 
introduce that fascinating variety which palls not upon the 
eye, the ear, the touch, the taste, or the smell. If an absolute 
repose everywhere prevailed, and plants and animals ceased to 
grow; if day ceased to alternate with night and the fountains 
were dried up or frozen; if the shadows refused to creep, the air 
and rocUs to reverberat*, the clouds to drift, and the great race 
of created beings to move, the world would be no fitting habi- 
tation for man. In change he finds his present solace and 
future hope. The great panorama of life is interesting be- 
cause it moves. One change involves another, and every- 
thing which co-exists, co-depends. This co-existence and 
int«r-dependence causes us riot only to study ourselves, but 
everything around us. By discovering natural laws we are 
permitted in God's good providence to harness and yoke 
natural powers, and already the giant Steam drags along at 
incredible speed the rumbling car and swiftly gliding boat ; 
the quadruped has been literally outraced on the land, and the 
fish in the sea ; each has been, so to speak, beaten in its own 
domain. That the tramway of the air may and will be tra- 
versed by man's ingenuity at some period or otlier, is, reasoning 
from analogy and the nature of things, eqnally certain. If 
there were no flying things—if there were no insects, bats, 
or birds as models, artificial flight (such are the difficulties 
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INTUODUCTIOS. 3 

attending its realization) might well be regarded an impossi- 
bility. As, however, the flying creatures are les'inn, both as 
regards number, size, and pattern, and as the Iwdies of all are 
not oniy manifestly heavier tiaii the air, but are composed 
of hard and soft parts, similar in all respects to thosf: com- 
posing the bodies of the other members of the animal kingdom, 
we are challenged to imitate the movements of the insect, bat, 
and bird in the air, as we have already imitated the move- 
ments of the quadruped on the land and the iishin the water. 
We have made two successful steps, and have only to make 
a third to complete that wonderfully perfect and very com- 
prehensive system of locomotion which we behold in nature. 
Until this third step is taken, our artificial appliances for 
transit can only be considered imperfect and partial. Those 
authors who regard artificial flight as impracticable sagely 
remark that the land supports the quadruped and the water the 
fish. This is quite true, but it is equally true that the air sup- 
ports the bii-d, and that the evolutions of the bird on the wing 
are quite as safe and infinitely more rapid and beautiful than the 
movements of either the quadruped on the land or the fish in 
the water. What, in fact, secures the position of the quadruped 
on the land, the fish in the water, and the bird in the air, is 
the life ; and by this I mean that prime moving or self-govern- 
ing power which co-ordinates the movements of the trwsellmg 
surfaces (whether feet, iins, or wings) of all animals, and adapts 
them to the medium on which they are destined to operate, 
whether this be the comparatively unyielding earth, the mobile 
water, or the still more mobile air. Take away this life suddenly 
— the quadrupsd falls downwards, the fish (if it be not speci- 
ally provided with a swimming bladder) sinks, and the bird 
gravitates of necessity. There is a sudden subsiding and ces- 
sation of motion in either case, but the quadruped and fish have 
no advantage over the bird in this respect. The savans who 
oppose this view exclaim not unnaturally that there is no 
great difficulty in propelling a machine either along the land 
or the water, seeing that both these media support it There 
is, I. admit, no great difficulty now, but there were apparently 
insuperable difficulties before the locomotive and steam-boat 
were ir vented. Weight, moreover, instead of being ii barrier to 
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4 ASIMA.L LOCOMOTIOS. 

artificial flight is absolutely necessary to it, This statement 
is quite opposed to the commonly received opinion, but is 
nevertheless true. No bird is lighter than the iur, and no 
machine constructed to navigate it should aim at being specifi- 
cally lighter. What is wanted is a reaaoiiable but not cumbrous 
amount of weight, and a duplicate (in principle if not in prac- 
tice) of those structures and movements which enable inseci?, 
bats, and birds to fly. Xfntil the structure and uses of wings 
are understood, the way of " an eagle in the air " must of ne- 
cessity remain a mystery. The subject of flight has never, 
until quite recently, been investigated systematically or 
rationally, and, as a resiilt, very little is known of the laws 
which regulate it If these laws were understood, and we 
were in possession of trustworthy data for o«r guidance in 
devising artificial pinions, the formidable Gordian knot of 
flight, there is reason to believe, could be readily untied. 

That artificial flight is a possible thing is proved beyond 
doubt— Is/, by the fact that flight is a natural movement; 
and 2d, because the natural motementa of walking and swim- 
ming have already been successfully imitated. 

The very obvious bearing which natural movements have 
upon artificial ones, and the relation which exists between 
organic and inorganic movements, invest our subject with a 
peculiar interest. 

It is the blending of natural and artificial progression in 
theory and practice which gives to the one and the other its 
chief charm. The history of artificial progression is essen- 
tially that of natural progression. The same laws regulate 
and determine both. The wheel of the locomotive and the 
screw of the steam-ship apparently greatly differ irom the 
limb of the quadruped, the fin of the fish, and the wing of 
the bird ; but, as I shall show in the sequel, the curves which 
go to form the wheel and the screw, are found in the travelling 
surfaces of all animals, whether they be limbs {furnished with 
feet), or fins, or wings. 

It is a remarkable circumstance that the undulation or 
wave made by the wing of an insect, bat, or bird, when those 
animals are fixed or hovering before an object, and when they 
are flying, corresponds in a marked manner with the track 
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described by tbe stationary and progressive waves in fluids, 
wid likewise with the waves of sound. Tliis coincidence 
would seem to argue an intimate relation between the instru- 
ment and the medium on which it is destined to operate — 
the wing acting in those very curves into which the atmo- 
sphere ia naturally thrown in the transmission of sound. Can 
it be that the animate and inanimate world reciprocate, and 
that animal bodies are made to impress the inaainiate in pi-e- 
cisely the same manner as the inanimate impress each otiier ? 
This much seems certain : — The wind comnmiiicates to the 
water similar impulses to those communicated to it by the 
fish in swimming ; and the wing in its vibrations impinges 
upon the air as an ordinary sound does. The extremities of 
quadrupeds, moreover, describe waved tracks on the land 
when walking and running ; so that one great law apparently 
determines the course of the insect in the air, the fish in tlie 
water, and the quadruped on the land. 

We are, unfortunately, not taught to regard the travelling 
surfaces and movements of animals as correlated in any 
way to surrounding media, and, as a consequence, are apt 
to consider walking as distinct from swimming, and walk- 
ing and swimming as distinct from flying, than which tliere 
can be no greater mistake. Walking, swimming, and tlyiiig 
are iu reality only modifications of each other. Wait- 
ing merges into swimming, and swimming into flying, by 
insensible gradations. The modifications wMch result in 
walking, swimming, and flying are necessitated by the fact 
that the earth affords a greater amount of support than the 
water, and the water than the air. 

That walking, swimming, and flying represent integral 
parts of the same problem is proved by the fact that most 
quadrupeds swim as well as walk, and some even fly ; while 
many marine animals walk as well as swim, and birds and 
insects walk, swim, and fly indiscriminately. When the land 
animals, properly so called, are in the habit of taking to the 
water or the air; or the inhabitants of the water are constantly 
taking to the land or the air ; or the insects and birds which 
are more peculiarly organized for flight, spend much of their 
time on tlie land and in the water; their organs of locomo- 
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tion must possess those peculiarities of structure which cliarae- 
terize, as a class, those animals which live on tlie land, in 
the water, or in the air respectively. 

In this we have an explanation of the gossamer wing of 
the insect, — the curiously modified Land of the hat and bird, 
— the webbed hands and feet of the Ott«r, Omithorhynchus, 
Seal, and Walrus, — the expanded tail of the Whale, Porpoise, 
Dugong, and Manatee, — the feet of the Ostrich, Apteryx, and 
Dodo, exclusively designed for running, — the feet of the 
Ducks, Gulls, and Petrels, specially adapted for swimming, — 
and the wings and feet of the Penguins, Auks, and GuiUe- 
mota, especially designed for diving. Other and inteianediate 
modifications occur in the Flying-fish, Flying Lizard, and 
Flying Squirrel; and some animals, as the Frog, Newt, and 
several of the aquatic insects (the Ephemera or May-fiy for 
example*) which begin their career by swimming, come 
ultimately to walk, leap, and even fly.^ 

Every degree and variety of motion, which is peculiar to 
the land, and to the water- and air-navigating animals as such, 
is imitated by others which take to the elements in question 
secondarily or at intervals. 

Of all animal movements, flight is indisputably the finest. 
It may be regaiiied as the poetry of motion. The fact that 
a creature as heavy, bulk for hulk, as many solid substances, 
can by the unaided movements of its wings urge itself through 

I Tlie Epliomene in tlie larva and pupa stute reside in the water concealed 
during the day under stones or in horizontal bnrrowa which they form in the 
banks. Althoi^ii resembling the perfect insect in several respects, they diQer 
materially in having longer autennx, in wanting ocelli, and in possessing 
hord-like maudiblas; the abdomen has, moreover, on each side a row of 
plates, mostly in poiia, whicli are a kind of falso branchiie, and which are 
employed not only in respiration, bal also as paddUa. — Cuvier's Animal 
Kingdom, p. S76. London, 1810. 

' Kirby and Spence observe that some insecla whicli are not naturally 
aquatic, do, nevertheless, swim very well if they fati into the water. They 
instance a kind of grasshopper {Acrydimn), wliich can paddle itself across a 
sti'eam with graat mpidity by the powerful strolies of its hind legs. — (Intro- 
duction to Entomolog)', 5th edit., 1823, p. 360.) Nor should the remarkable 
discovery by Sir John Lubbock of a. swimming insect (f 
whioh Hses its wings exctusivdy as fins, be overlooked.— 
xxiv. p. 135. 
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the air with a speed little sliort of a cannon-ball, fiUs the 
miiiij with wonder. Flight (if I may be allowed the expres- 
sion) is a more unstable movement tlian that of walking 
and swimming ; the in.5tability increasing as the medium to 
be traversed becomes less dense. It, however, does not 
essentially difTer from the other two, and I shall be able to 
sliow in the following pages, that the materials and forces 
employed in flight are literally the same as those employed 
in walking and swimming. This is an encouraging circum- 
stanc« as far as artificial flight is concerned, as the same ele- 
ments and forces employed in constructing locomotives and 
steamboats may, and probably will at no distant period, 
he successfully employed in constructing flying machines. 
Flight is a purely mechanical problem. It is warped in aiid 
out with the other animal movements, and forms a, link of a 
great chain of motion which drags its weary length over the 
land, through the water, and, notwithstanding its weight, 
through the air. To understand flight, it is necessary to 
understand walking and swimming, and it is with a view to 
simplifying our conceptions of this most delightful form of 
locomotion that the present work is mainly written. The 
chapters on walking and swimming naturally lead up to those 
on flying. 

In the animal kingdom the movements are adapted either 
to the land, the water, or the air ; these constituting the three 
great highways of nature. As a result, the instruments by 
which locomotion is effected are specially modiiied. This is 
necessary because of the difterent densities and the different 
degrees of resistance furnished by the land, water, and air 
respectively. On the land the extremities of animals en- 
counter the maximwm. ai resislance, and occasion the mmimum 
of displacement. In the- air, the pinions experience the mmi- 
m-jm of resistance, and eflfect the raxmmum of displacemeni ; the 
water being intermediate both as regards the degree of 
resistance offered and the amount of displacement produced. 
The si>eed of an animal is determined by its shape, mass, 
power, and tlie density of the jnedium on or in which it 
moves. It is more difficult to walk on sand or snow than on 
a macadamized road. In like manner (unless the travi.llitig 
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surfaces are speeialiy modified), it is more troublesome to 
swim than to walk, and to fly than to swim. Tliis arises from 
tlie displacement produced, and the consequent want of sup- 
port. The land supplies the fulcrum for the levers formed 
by the extremities or travelling surfaces of animals with 
terrestrial habits ; the water furnishes the fulcrum for tlie 
levers formed by the tail and fins of fishes, sea mammals, 
etc.; and the air the fulcrum for the levers formed by the 
wings of insects, bats, and birds. The fulcrum supplied by 
the land is immovable; that supplied by the water and air 
movable. The mobility and immobility of the fulcrum con- 
stitute the principal diff'erence between walking, swimming, 
and flying; the travelling surfaces of animals increasing in 
size as the medium to be traversed becomes less dense and 
the fulcrum more movable. Thus terrestrial animals have 
smaller travelling surfaces than amphibia, amphibia than fishes, 
and fishes than insects, bats, and birds. Another point to be 
studied in connexion with imyielding and yielding fulcra, is 
the resistance offered to forward motion. A land animal is 
supported by the earth, and experiences httle resistance from 
the air through which it moves, unless the speed attained is 
high. Its principal friction is that occasioned by the contact 
of its travelling surfaces with the earth. If these are few, the 
speed is generally great, as in quadrupeds, A fisli, or sea mam- 
mal, is of nearly the same specific gravity as the water it in- 
habits; in other words, it is supported with as little or less effort 
than a land animal. As, however, the fluid in which it moves 
is more dense than air, the resistance it experiences in forv/ard 
motion is greater than that experienced by land animals, and 
by insects, bats, and birds. As a consequence fishes are for 
the most part elliptical in shape; this being the form calcu- 
lated to cleave the water with the greatest ease. A flying 
animal is immensely heavier than the air. The support 
which it receives, and the resistance experienced by it 
in forward motion, are reduced to a minimum. Flight, 
because of the rarity of the air, is infinitely more rapid than 
either walking, running, or swimming. The flying animal 
receives support from the air by increasing the size of its 
travelling surfaces, which act after the manner of twisted 
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inclined planes or kites. When an insect, a bat, or a bird 
is launched in space, its weiglit (from the tendency of al! 
bodies to fall vertically downwards) presses npon the inclined 
planes or kites formed by the wings in such a manner as 
to become converted directly into a propelling, and indirectly 
into a hioying or supporting power. This can be proved by 
experiment, as I shall show subsequently. But for the shnre 
wliicli the weight or mass of the flying creature takes in flight, 
the protracted journeys of birds of passage would be impos- 
sible. Some authorities are of opinion that birds even sleep 
upon the wing. Certain it is that the albatross, that prince 
of the feathered tribe, can sail about for a whole hour without 
once flapping his pinions. This can only be done in virtue 
of the weight of the bird acting npon the inclined planes or 
kites formed by the wings as stated. 

The weight of the body plays an important part in walking 
and swimming, as well as in flying. A biped which advances 
by st«ps and not by leaps may be said to roll over its extre- 
mities,^ the foot of the extremity which happens to be npon 
the ground for the time forming the centre of a circle, the 
radius of which is described by the trunk in forward motion. 
In like manner the foot which is off the ground and swinging 
forward pendulum fashion in space, may be said to roll or 
rotate upon the trunk, the head of the femur forming the 
centre of a circle the radius of which is described by the ad- 
vancing foot. A double rolling movement is thus established, 
the body rolling on the extremity the one instant, the extre- 
mity rolling on the trunk the next. During these movements 
the body rises and falls. The double rolling movement is 
necessary not only to the progression of bipeds, but also to 
that of quadrupeds. As the body cannot advance without 
the extremities, so the extremities cannot advance without 
the body. Tlio double rolling movement is necessary to con- 
tinuity of motion. If there was only one movement there 
would be dead points or halts in walking and running, similar 
to what occur in leaping. The continuity of movement neces- 
fc. "v to progression in sottie bipeds (man for instance) is fur- 

1 i'ns is aJao true of quadnipecis. It is tlic posterior part of the feyt 
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th'j secured l>y a pendulum movement in the arms as well as 
in the legs, the right arm swinging before the body when the 
right leg swings behind it, and the converse. The right leg 
and left arm advance simultaneously, and alternate with the 
left leg and right arm, which likewise advance t-ogether. This 
gives rise to a double twisting of the body at the shoulders 
and loins. The legs and arras when advancing move in 
curves, the convexities of the curves made by the right leg 
and left arm, which advance together when a step is being 
made, being directed outwards, and forming, when placed 
together, a more or less symmetrical ellipse. If the curves 
formed by the legs and arms respectively be united, they 
fonu waved lines which intersect at every step. This arises 
firom the fact that the curves formed by the right and left 
legs are found alternately on either side of a given line, the 
same holding true of the right and left arms. WaJlfing is 
consequently to be regarded as the result of a twisting diagonal 
movement in the trunk and in the extremities. Without this 
movement, the momentum acquired by the different portions 
of the moving mass could not be utilized. As the momentum 
acquired by animals in walking, swimmings and flying forms 
an important factor in those movements, it is necessary that 
we should have a just conception of the value to be attached 
to weight when in motion. In the horse when wallcing, tlie 
stride is something like five feet, in trotting ten feet, but in 
galloping eighteen or moi-e feet. The stride is in fact deter- 
mined by the speed acquired by the mass of the body of the 
horse ; the momentum at which the ma.s3 is moving carry- 
ing the limbs forward.^ 

In the swimming of the fish, the body is thrown into double 
orfigure-of-8 curves, as in the walking of the biped. The twist- 
ing of the body, and the continuity of movement which that 
twisting begets, reappear. The curves formed in the swimming 

' " According to Sainbell, the celebmted horse Eclipse, wlieii galloping at 
liberty, and with its greatest speed, passed over the space of tvrenty-flve feet 
nt each stride, wliich iie repeated 2Ji times in a seconct, being nearly four 
milea in sis miniiteB mid two secoiida. The race-horse Flying Childers was 
computed to hnve iiflsscd over i^iglity-two feet and a half in a sacond, or 7ie:ii Jy 
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of tlie fish are never less tliau two, a caudal and a cephalic one. 
They may and do exceed this number in the long-bodied fishes. 
The tail of the fish is made to vibrate pendulum fashion on 
either side of the spine, when it is lashed to and fro in the 
act of swimming. It is made to rotate upon one or more of 
the vertebrae of the spine, the vertebra or vertebrse forming 
the centre of a lemniacate, which is described by the caudiU 
fin. There is, therefore, an obvious analogy between the tail 
of the fish and the extremity of the biped. This is- proved by 
the conformation and swimming of the seal, — an animal in 
which the posterior extremities are modified to resemble the 
tail of the fish. In the swimming of the seal the hind legs are 
applied to the water by a sculling figure-of-8 motion, in the 
same manner as the tail of the fish. Similar remarks might 
be made with regard to the swimming of the whale, dugong, 
manatee, and porpoise, sea mammals, which still more closely 
resemble the fish in shape. The double curve into which the 
fish throws its body in swimming, and. which gives continuity 
of motion, also supplies the requisite degree of steadiness. 
"When the tail is lashed from side to side there is a tendency 
to produce a corresponding movement in the head, which 
is at once corrected by the complementary curve. Nor is 
this all ; the cephalic curve, in conjunction with the water 
contained within it, forms the point dappui for the caudal 
curve, and vice versa. When a fish swims, the anterior and 
posterior portions of its body (supposing it to he a sliort- 
bodied fish) form curves, the convexities of which are 
directed on opposite sides of a given line, as is the case 
in the extremities of the biped when walking. The mass 
of the fish, like the mass of the biped, when once set in 
motion, contributes to progression by augmenting the rate 
of speed. The velocity acquired by certain fishes is very 
great. A shark can gambol around the bows of a ship in 
full sail ; and a sword-fish (such is the momentum acquired 
by it) has been known to thrust its tusk through the cojiper 
sheathing of a vessel, a layer of felt, four inches of deal, and 
Iburteen inches of oaken plank.' 

The wing of the bird does not materially diff'er from the 

1 A portion ol the tinilievs, etc., ot uiie of Hei' Mi'yflsty'B Kliipa, having thfl 
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extremity of the biped or the tail of the fish. It is con- 
structed on a similar plan, and acta on the same principle. 
The taii of the fish, the wing of the bird, and the extremity 
of the biped and quadruped, are screws structurally and 
functionally. In proof of this, compare the bones of the wing 
of a bird with the bones of the arm of a man, or those of the 
fore-leg of an elephant, or any other quadrujwd. In either 
case the bones are twisted upon themselves like the screw of 
an augur. The tail of the fish, the extremities of the biped and 
quadruped, and the wing of the bird, when moving, describe 
waved ti'acks. Thus the wing of the bird, when it is made 
to oscillate, is thrown into double or figure-of-8 curves, like 
the body of the fish. When, moreover, the wing ascends and 
descends to make the up- and down strokes, it rotates within 
the facettes or depressions situated on the scapula and coracoid 
bones, precisely in the same way that the arm of a man rotates 
in the glenoid cavity, or tlie leg in the acetabular cavity in 
the act of walking. The ascent and descent of the wing in 
flying correspond to the steps made by the extremities in 
widking; the wing rotating upon the body of tlie bird during 
the down stroke, the body of the bird rotating on the wing 
during the up stroke. When the wing descends it describes 
a downward and forward curve, and elevates the body in an 
upward and forward curve. When the body descends, it 
describes a downward and forward curve, the wing being 
elevated in an upward and forward curve. The curves 
made by the wing and body in flight form, when united, 
waved lines, which intersect each other at every beat of 
tlie wing. The wing and the body act upon each other 
alternately (tlie one being active when the other is passive), 
and the descent of the wing is not more necessary to the 
elevation of the body than the descent of the body is to 
the elevation of the wing. It is thus that the weight of the 
flying animal is utilized, slip avoided, and continuity of move- 
ment secured. 

As to the actual waste of tissue involved in walking, swim- 
ming, and flying, there is much discrepancy of opinion. It is 

tii'ili of a Hivnii|.(i«li inilieikleil in it, ia to lie seen in tlia Hunterinii Mii9eni:i 
of ;iie lioj-al Collose of Surseoiis of Ensliiu.l. 



.y Google 



ISTRODUCTIOX. 1 H 

commonly believed that a bird exerts quite an enormous 
amount of power as compared with a fish ; a fish exerting a 
much greater power than a land animal. This, tliure can be 
no doubt, is a [wpular delusion. A bird can fly for a whole 
day, a fish can swim for a whole day, and a man can walk 
for a whole day. If so, the bird requires no greater power 
than the fish, and the fish than the man. The speed of the 
bird as compared with that of the fish, or the speed of the 
fish as compared with that of the man, is no criterion of the 
jKiwer exerted. The speed is only partly traceable to the 
)>ower. As has just been stated, it is due in a principal 
measure to the shape and size of the travelliug surfaces, the 
density of the medium traversed, the resistance experienced 
to forward motion, and the part performed by the mnaa 
of the animal, when moving and acting upon its travel- 
liug surfaces. It is erroneous to suppose that a bird is 
stronger, weight for weight, than a fish, or a fish than a 
man. It is equally erroneous to assume that the exer- 
tions of a flying animal are herculean as compared with 
those of a walking or swimming animal. Observation and 
experiment incline me to believe just the opposite. A flying 
creature, when fairly launched in space (because of the part 
which weight plays in flight, and the little resistance expe- 
rienced in forward motion), sweeps throiigh the air with 
almost no exertion,'- This is proved by the sailing flight of 
tlie albatross, and by the fact that some inseets can fly when 
two-thirds of their wing area have been removed. (This ex- 
periment is detailed further on.) These observations are 
calculated to show the grave necessity for studying the media 
to be traversed ; the fulcra which the media furnish, and the 
size, shape, and movements of the travelling surfaces. The 
travelling surfaces of animals, as has been already expbined, 
furnish the levers by whose instrumentality the movements 
of walking, swimming, and flying are effected. 

' A flying crcatnre eicrts its j^eatest power Up'Len rising. The effort is of 
ahert duratiiin, and inni^urotes ratbet than perpetuates flight. If the volant 
animal can launch into space trum a height, the preliminary effort may be 
dispensed with aa in this tnse, the weiglit of the animal acting upon the 
incliueii plants formed ty the wings gets up the initial velocity. 
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By comparing the flipper of the sea], sea-bear, and walms 
with the fin and tail of the fish, whale, porpoise, etc.; and 
the wing of tlic penguin {a bird wliich is incapable of flight, 
and can only swim aiid dive) with the wing of the insect, 
bat, and bird, I have been able to show that a close analogy 
exists between the flippers, fins, and tails of sea mammals 
and fishes on the one hand, and the wings of insects, bats, 
and birds on the other ; in fact, that theoretically and prac- 
tically these organs, one and all, form flexible helices or 
screws, which, in virtue of their rapid reciprocating move- 
ments, operate upon the water and air by a wedge-action after 
the manner of twisted or double inclined planes. The twisted 
inclined planes act upon the air and water by means of 
curved surfaces, the curved snifiices reversing, recipnicating, 
and engendering a wave pressure, which can be continued 
indefinitely at the will of the animal. The wave pressnre 
emanates in the one instiwice mainly iirom the tail of the fish, 
whale, porpoise, etc., and in the other from the wing of the 
insect, bat, or bird — the Teciproeating and opposite ew'ves into 
which the tail and wing are thrown in swimming and flying 
constituting tlie mobile hetiees, or satews, which, during their 
action, produce the precise kind and degree of pressure 
adapted to fluid media, and to which they respond with the 
greatest readiness. 

In order to prove that sea mammals and fishes swint, and 
insect^ bats, and birds fly, by the Md of curved figure-of-8 
surfaces, which eserb an intermittent wave pi-essure, I con- 
structed artificial fish-tails, fins, flippers, and wings, which 
curve and taper in every direction, and which are flexible 
and elastic, particularly towards the tips and posterior mar- 
gins. These artificial fish-tails, fins, flippers, and wings are 
slightly twisted utJon themselves, and when applied to the 
water and air by a sculling or figure-of-S motion, curiously 
enough reproduce the curved surfaces and movements peculiar 
to real fish-tails, fins, flippers, and wings, in swimming, and 
flying. 

Propellers formed on the fish-tail and wing model are, I 
find, the most effective that can be devised, whether fur 
navigating the water or the air. To operate efliciently on 
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fluid, i.e. yielding media, the propeller itself must yield. Of 
this I am fully satisfied from observation and experiuient. 
The propellers at present employed in navigation are, in my 
opinion, faulty both in principle and application. 

The observations and experiments recorded in tlie present 
volume date from 1864. In 18C7I lectured on the subject of 
animal mechanics at the Eoyal Institution of Great Britain : ^ 
in June of the same year (1867) I read a memoir " On tlie 
Mechanism of Flight" to the Linnean Society, of London f 
and in August of 1870 I communicated a memoir " On t!;o 
Physiology of "Wings'* to the Koyal Society of Edinbnrgb.^ 
These memoirs extend to 200 pages quarto, and are illus- 
trated by 190 original drawings. Tlio conclusions at which 
I arrived, after a careful study of the movements of walking, 
swimming, and flying, are briefly set forth in a letter addressed 
to the French Academy of Sciences in March 1870. This 
the Academy did me the honour of publishing in April of 
that year (1870) in the Comptes Eendus, p. 875. In it I 
claim to have been the first to describe and illustrate tJie 
foUowing points, viz. : — 

That quadnipeds walk, and fishes swim, and insects, bats, 
and birds fly by figure-of-S movements. 

That the flipper of the sea bear, the swimming wing of the 
penguin, and the wing of the insect, bat, and bird, are screws 
slrucluralhj, and resemble the blade of an ordinary screw- 
propeller. 

That those oigans are screws fwndhmMij, from their twist- 
ing and untwisting, and from their rotating in the direction 
of their length, when they are made to oscillate. 

That they have a reciprocating action, and revei'se their 
planes more or less completely at every stroke. 

That the wing describes a Jt<jure-of-8 track in space when 
the flying animal is artificially fixed. 

That the wing, when the fiying animal is progressing at 

1 " On the various mortea of Flight in relation to AtronauticB."— Proceal- 
inga of the Royal Instjtntion of Oreat Britain, Mnroh22, 1867. 

* " On the Mechanical Appliances hj which Flight is attained in the 
Animal Kingdom." — I'l'aHsaotioiis of the Linnean Sndety, vol. xx.\i. 

» " On the Plij-dology of Wings. "—Transactions of Ihe Koyal Society of 
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a high speed in a horizontal direction, describes a lonpaJ 
and then a waved track, from the fact that the figure of 
8 is gradually opened out or unravelled as the animal 
advances. 

That the wing acts after the manner of a kite, both during 
the down and up strokes. 

I was induced to address the above to the French Academy 
from finding that, nearly two years after I had published my 
views on the figure of 8, looped and wave movemeiits made 
by the wing, etc., Professor E. J. Marey {College of France, 
Paris) published a course of lectures, in which the peculiar 
figure-of-8 movements, first described and figured by me, 
were put forth as a new discovery. The accuracy of this 
statement will be abundantly evident when I mention 
that ray first lecture, " On the various modes of Flight in 
relation to Aeronautics," was published in the Proceedings 
of the Eoyal Institution of Great Britain on the 2 2d of 
March 1867, and translated into Frencli (Revue des cours 
scientifiques de la France et de I'fitranger) on the 21st of 
September 1867; whereas Professor Marey's first lecture, 
"On the Movements of the Wing in the Insect" (Revue des 
cours scientifiques de la France et de I'^tranger), did not 
appear until the 13th of February 1869. 

Professor Marey, in a letter addressed to the Frencli 
Academy in reply to mine, admits my claim to priority in 
the following terms : — 

" J'ai constats qu'effectivement M. Pettigrew a vu avant 
moi, et represents dans son MSmoire, la forme en 8 du par- 
cours de I'aile de I'insecte : que la mSthode optique k laquelle 
j'avais recoui-s est k peu prfes identique k la sienne. . . . Je 
m'empresse de satisfaire k cette demajide legitime, etde laisser 
entitrement la priority sur moi k M, Pettigrew relativement 
k la question aiusi restreinte." — (Comptea Rendus, May 16, 
1870, p. 1093). 

The figure-of-8 theory of walking, swimming, and flying, 
as originally propoimded in the lectures, papers, and memoirs 
referred to, has been confirmed not only by the researches 
and experiments of Professor Marey, but also by those of M, 
yenocal, M. de Fastes, M. Ciotti, and others. Its accuracy is 
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no longer a matter of doubt. Aa the limits of the present 
volume wiU not admit of my going into the several arrange- 
ments by wbich locomotion is attained in the animal king- 
dom Is % whole, I will only describe those movements which 
illustrate in a progressive manner the several kinds of pro- 
gression on the land, and on and in the water and air. 

I propose first to analyse the natural movements of walk- 
ing, swimming, and flying, after which I hope to be able to 
show that certain of these movements may be reproduced 
artificially. The locomotion of animals depends upon me- 
chanical adaptations found in all animals which change local- 
ity. These adaptations are very various, but under whatever 
guise they appear they are substantially those to which we 
resort when v^e wish to move bodies artificially. Thus in 
animal mechanics we have to consider the various orders of 
levers, the pulley, the centre of gravity, specific gravity, the 
resistance of solids, semi-solids, fluids, etc. As the laws which 
regulate the locomotion of animals are easentiaDy those which 
regulate the motion of bodies in general, it will be necessary 
to consider briefly at this stage the projwrties of matter when 
at rest and when moving. They are well stated by Mr, 
Bishop in a series of propositions which I take the liberty of 
transcribing : — 

" Fundamental Axioms. — First, every body continues in a 
state of rest, or of uniform motion in a right line, until a 
change is eifected by the agency of some mechanical force. 
Secondly, any change effected in the quiescence or motion of 
a body is in the direction of the force impressed, and is pro- 
portional to it in quantity. Thirdly, reaction is always equal 
and contrary to action, or the mutual actions of two bodies 
upon each other are always equal and in opposite directions. 

Of unifomt imti<m.~-li a body moves constantly in the 
same maimer, or if it passes over equal spaces in equaj periods 
of time, its motion is uniform. The velocity of a body moving 
uniformly is measured by the space through which it passes 
in a given time. 

The velocities generated or impressed on different masses 
by the same force are reciprocally as the masses. 

Moiion uniformly varied. — When the motion of a body is 
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uniformly accelerated, the space it passes through during anj- 
time whatever is proportional to the square of the time. 

In the leaping, jumping, or springing of animals in any 
direction {except the vertical), the paths they describe in 
their transit from one point to another in the plane of motion 
are parabolic curves. 

The legs move by the f&rce of gravity as a pendulum. — l"he 
Professor, Weber, have ascertained, that when the legs of 
animals swing forward in progressive motion, they obey the 
same laws as those which regulate the periodic oscillations of 
tlie pendulum. 

liesintance of fluids. — Animals moving in air and water 
experience in those media a sensible resistance, which is 
greater or less in proportion to the density and tenacity of 
the fluid, and the figure, superficies, and velocity of the animaL 

An inquiry into the amount and nature of the resistance 
of air and water to the progression of animals will also furnish 
the data for estimating the proportional values uf those fluids 
acting as fulcra to their locomotive oi^ans, whether they be 
fins, wings, or other forms of lever. 

The motions of air and water, and their directions, exer- 
cise very important influences over velodty resulting from 
muscular aotion. 

Medmnioal effects of fluids on animals immersed in them. — 
When a body is immersed in any fluid whatever, it will lose 
as much of its weight relatively as is equal to the weight of 
the fluid it displaces. In order to ascertain whether an 
auimal will sink or swim, or be sustained without the aid of 
muscular force, or to estimate the amount of force required 
that the animal may either sink or float in water, or fly in 
tiie iUT, it will be necessary to have recourse to the specific 
gravities both of the animsd and of the fluid in which it is 
placed. 

The specific gravities or comparative weights of different 
substances are the respective weights of equal volumes of 
those substances. 

Centre of ip-avity. — The centre of gravity of any body is 
a poini about which, if acted upon only by the force of 
gravity, it will balance itself in all positions ; or, it is a point 
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wliicli, if Buppoiled, tlie body will be supported, however it 
may be situated in other respects; and lieuce tlie effects pro- 
duced by or upon any body are the same as if its whole mass 
were eoUected iuto its centre of gravity. 

The attitudes and motions of every animal are regulated 
by the positions of their centres of gravity, whicli, in a state 
of rest, and not acted upon by extraneous forces, must lie in 
vertical lines which pass through tlieir basis of support. 

In most animals moving on solids, the centre is supported 
by variously adapted organs ; during the flight of birds ani) 
insects it is suspended ; but in flshcs, which move in a fluid 
whose density is nearly equal to their specific gravity, tlie 
centre is acted upon equally in all directions." ^ 

As the locomotion of the higher animals, to which my 
remarks more particularly apply, is in all cases effected by 
levers wliicli differ in no respect from those employed in tlio 
arts, it may be useful to allude to them in a passing way. 
This done, I will consider the bones and joints of the skeleton 
which form the levers, and the muscles which move them. 

" Tlie Le/ver. — Levers are commonly divided into three kinds, 
according to tlie relative positions of the prop or fulcrum, the 
power, and the resistance or weight. Tlie straight lever of 
each order is equally balanced wlien the power multiplied by 
its distance from the fulcrum equals t^ie weight, multiplied by 
its distance, or P the power, and W the weight, are in equi- 
librium when they ai'e to each other in the inverse ratio of 
the arms of the lever, to which they are attached. The 
pressure on the fiilcnim Iiovi ver ^aiies 



"K' 



In straight levers of i^ta first Miid, the fulcrum is between 
the power and the resistance, as in fig. 1, where F is 
the fulcrum of the lever AB ; P is the power, an<l "VV the 
weight or resistance. Wc have P : W : ; BF : AF, hence 

1 Cyc. of Anat. anrl Pliy., Art. " Motion," hy John BiBiiop, Esq. 
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P.AF=:W.BF, and the pressure on tlie fulcrum is both the 
power and rtaistance, or P+W. 

In tho second order of levers (fig. 2), tlie resist:ince is lio- 
tween the fulcrum and the power ; and, as before, P : W : : 
BF : AF, but the pressure of the fulcrum is equal to W— P, 
or the weight less the power. 



s- 



In the third ordiT of lever tho power acts hetween the prop 
and the resistance (fig. 3), where also P : W : : BF ; AF, and tho 
pressure on the fulcrum is P — W, or the power less the weight. 



In the preceding computations the weight of the lever 
itself is neglected for tlie sake of simplicity, but it obviously 
forms a part of the elements under consideration, especially 
with reference to the arms and legs of animals. 

To include the weight of tho lever we have the following 
equations; P. AF J^AF.JAF ='W.BF + BF.iBF ; in the 
first order, where AF and BF represent the weights of these 
portions of the lever respectively. Similarly, in the second 

- AF 
order P. AF=W.BF + AF. -, and in tlie tMrd order 

BF 

P.AF==W.BF + liF.— . 
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In this outline of the theory of the lever, the forces have 
been considered as acting vertically, or parallel to the direc- 
tion of the force of gravity, 

Famve Oi-gans of Locomotim. JSones.— The solid fi-ame- 
work or skeleton of animals which supports and protects their 
more delicate tissues, whether chemically composed of ento- 
moline, carbonate, or phosphate of lime ; whether placed in- 
ternally or externally ; or whatever may be its form or 
dimensions, presents levers and fulcra for the action of the 
muscular system, in all animals furaished with earthy soliils 
for their support, and possessing locomotive power." ^ The 
levers and fulcra are well seen in the extremities of the deer, 
the skeleton of which is selected for its extreme elegance. 
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While the bones of animals form levers aud fulcra for poitioiis 
of the muscular system, it must Dever be forgotten that tbo 
earth, water, or, air form fulcra for the travelling surfaces of 
animals as a whole. Two seta of fulcra are therefore always 
to be considered, viz. those represented by the bonos, and 
those represented by the earth, water, or air respectively. 
The former when acted upon by the muscles produce motion 
in different parts of the animal (not necessarily progressive 
motion) ; the latter when similarly influenced produce loco- 
motion. Locomotion is greatly favoured by the tendency 
which the body once set in motion has to advance in a straight 
line. The form, strength, density, and elasticity of the skele- 
ton varies in relation to the bulk and locomotive power of 
the animal, and to the media in which it is destined to move. 

" The number of moveable articulations in a skeleton de- 
termines the degree of its mobility within itself; and the 
kind and number of the articulations of the locomotive organs 
determine the number and disposition of the muscles acting 
upon them. 

The bones of vertebrated animals, especially those which 
are entirely terrestrial, are much more elastic, hard, and 
calculated by their chemical elements to bear the shocks and 
strains incident to terrestrial progression, than those of the 
aquatic vertebrata ; the bones of the latter being more fibrous 
and spongy in their texture, the skeleton is more soft and 
yielding. 

The bones of the higher orders of animals are constructed 
according to the most approved mechanical principles. Thus 
they are convex extern^ly, concave within, and strengthened 
by ridges running across their discs, as in the scapular and 
iliac bones ; au arrangement "which affords large surfaces for 
the attachment of the powerful muscles of locomotioa The 
bones of birds in many cases are not filled with marrow but 
with air,— -a circumstance which insures that tliey shall be 
very strong and very light. 

In the thigh hones of most animals an angle is formed by 
the head and neck of the bone with the axis of the body, 
which prevents the weight of the superstructure coming 
vertically upon the shaft, converts the bone into an elastic 
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arch, and renders it capable of supporting the wei^'ht of the 
body in standing, leaping, aud in falling from considerable 
altitudes. 

Joints. — AVhere the limbs are designed to move to and 
fro simply in one plane, the ginglymoid or hinge-joint is ap- 
plied; and where more extensive motions of the limbs are 
requisite, the enarthrodial, or ball-and-socket joint, is intro- 
duced. These two kinds of joints predominate in the locomo- 
tive organs of the animal kingdom. 

The enarthrodial joint has by far the most extensive power 
of motion, and is therefore selected for uniting the limbs to the 
trunk. It permits of the several motions of the limbs termed 
pronation, supination, flexion, extension, abduction, adduc- 
tion, and revolution upon the axis of the limb or bone about a 
conical area, whose apex is the axis of the head of the bone, 
aud base circumscribed by the distal extremity of the limb."' 

The ^nglymoid or hinge-joints are for the most part spiral in 
their nature. They admit in certain cases of a limited degree of 
lateral rocking. Much attention has been paid to the subject 
of joints (particularly human ones) by the brothers Weber, 
Professor Meyer of Ziirich, and likewise by Langer, Henke, 
Meissner, and Goodsir. Langer, Henke, and Meissner suc- 
ceeded in demonstrating the " screw -configuration" of the 
articular surfaces of the elbow, ankle, aud calcaneo-astraga^ 
loid joints, and Goodsir showed that the articular surface 
of the knee-joint consist of " a double conical screw combina- 
tion." The last-named observer also expressed his belief 
"that articular combinations with opposite windings on 
opposite sides of the body, simUar to those in the knee-joint, 
oxist in the ankle and tarsal, and in the elbow and carpal 
joints ; and that the hip and shoulder joints consist of single 
threaded couples, but also with opposite windings on oppo- 
site sides of the body." I have succeeded in demonstrating 
a similar spiral configuration in the several bones and joints 
of the wing of the bat and bird, and in the extremities of 
most quadrupeds. Tlie bones of animals, particularly the 
extremities, are, as a rule, twisted levers, and act ailer the 
■ of screws. This arrangement enables the higher 
' Bialiop, op. dt. 
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animals to apply their travelling surfaces to the media on 
which they are destined to operate at any degree of obliquity 
so as to obtain a maximum of support or propulsion with a 
minimum of slip. If the travellii^ surfaces of animals did 
not form screws structurally aud functionally, they could 
neither seize nor let go the fulcra on which they act with the 
requisite rapidity to secure speed, particularly in water and air. 

" Lt^mewis.— The office of the ligaments with respect to 
locomotion, is to restrict the degree of flexion, extension, and 
other motions of the limbs within definite limits. 

Effed of Atmospheric pressure on Limbs. — The influence of 
atmospheric pressure in supporting the limbs was first noticed 
by Dr. Amott, though it has been erroneously ascribed by 
Professor Mtiller to Weber. Subsequent experiments made 
by Dr. Todd, Mr. WormaJd, and others, have fully established 
tlie mechanical influence of the air in keeping the mechanism 
of the joints together. The amount of atmospheric pressure 
on any joint depends upon the area or surface presented to 
its influence, and the height of the barometer. According to 
Weber, the atmospheric pressure on the hip-joint of a man 
is about 26 lbs. The pressure on the knee-joint is estimated 
by Dr. Amott at 60 Ibs."^ 

Jetim orga/ns of Locomotion. Muscles, timr Properties, Ar- 
rangement, Mode of Action, etc. — If time and space had per- 
mitted, I would have considered it my duty to describe, more 
or less fully, the muscular arrangements of all the animals 
whose movements I propose to analyse. This is the more 
desirable, as the movements exhibited by animals of the 
higher types are directly referable to changes occurring in 
their muscular system. As, however, I could not hope to 
overtake tliis task within the limits prescribed for the present 
work, I shall content myself by merely stating the properties 
of muscles ; the manner ui which muscles act ; and the man- 
ner iu whidi they are grouped, witli a .view to moving the 
osseous levers which constitute the bony framework or skele- 
ton of the animals to be considered. Hitherto, and by 
common consent, it has been believed that whereas a flexoi 
muscle is situated on one aspect of a limb, and its correspond- 
' Bishop, np. dC. 
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ing extensor on the other aspect, these two muscles must be 
opposed to and antagonize each other. Tliis belief is founded 
on what I r^ard as an erroneous asaumption, viz., that mnscles 
Lave only the power of ahorteninj:;, and that when one 
muscle, say'the flexor, shortens, it must drag out and forcibly 
elongate the corresponding extensor, and the converse. This 
would be a mere waste of power. Nature never works 
against herself. There are good grounds for believing, as I 
have stated elsewhere,^ that there is no such thing as antagon- 




Hnil UiD trii^iis {h) (ir 



le DlQeps (tt) or 



Uio foresnu ns fleieU npouthe Mm. Ab u cmiBKiuian^e, Iha uiog axes uf tbo 
Burt^uiifi eleuiQuts or nlliiiiato rartlclefi ot Uie-blirepa (f) ore onunged jjia 
luoro orlena bgrlAintAt diruatlon; tbelungHxea ot the tiBxcoan oleiuenteuf 
Uau trlcspa (j) IhLdk mriuieeil ia a iienrl; verUcal dlntc^im. When Uie fVire- 
anu is diCended. tha long aseb of the aaroima fileuieuts of ihe blpeiia niiil 
triceps ore meneiL The Piesent flgnie shows lion Uie bones of the ei- 

e-g., tho bii'<i|>9 la] sbgrteiui nudlbe tiiveps (b) elnaratcK. tbey oavge the fon^ 
snnaitdbsiid(A}t:o luovBtiiwordii the Bliuulder (d). If, on ttis other hand, the 
trii;cpa [b) sliorteua nod the Ineepa (q) eLooeHtes. 'Ui^ canfie Hie Airennn and 
b»iid(ll)toiaoveiiwsyfFomthsitaonlder. In tbese nutiona the bloepe (nj and 
tricuiH <b) nre the power ; the elbow-joint is) the fulcnuo. and t^e Idresmi 
Dud liand (A) the weight to be elevated or deprefffied. If tbe hand repre< 
sented a trBveUing siiribce which operated on the eartii, the water, or the 
air, it ia not ditflimlt io understuid ligir, when it "wrb made te move by 

j-iidiua. /Loiigliead of t^e triceps (6). g liiwrtLoji uf ^le tjiueps into tlie 
olueranon pnweas of UiB ulna.— Orio^inl. 

ism in muscular movements; the several muscles known as 
flexors and extensors; abductors and adductors; pronators 
and supinators, being simply correlated. Muscles, when they 

' " Lectures on tlie Physiology of the Cii-ciilation in Plants, in tlie Lower 
Aninin,la, and in Man."— Ediiibui^ii Meilioil Journal fur January and Ftb- 
niacy 1873. 
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act, operate upon bones or something extraneous to them- 
selves, and not upon each other. The muscles are folded 
round the extremities and trunks of animals -with a view to 
oi>erating in masses. For this pui-pose they are arranged in 
eycles, there being what are equivalent to extensor and flexor 
cycles, abductor and adductor cycles, aud pronator and supina^ 
tor cycles. Within these muscular cycles the bones, or 
extraneous substances to be moved, are placed, and when one 
side of a cycle shortens, the other side elongates. Muscles 
are therefore endowed with a centripetal and centrifugal 
action. These cycles are placed at every degree of obliquity 
and even at right angles to each other, but they are so dis- 
posed in the bodies and limbs of animals that they always 
operate consentaneously and in harmony. F/de fig. 5, p. 25. 

There are in animals very few simple movements, i.e. 
movements occurring in one plane and produced by the action 
of two muscles. Locomotion is for the most part produced 
by the consentaneous action of a great number of muscles ; 
these or their fibres pursuing a variety of directions. This is 
particularly true of the movements of the extremities in walk- 
ing, swimming, and flying. 

Muscles are divided into the voluntary, the involuntary, and 
the mixed, according as the will of the animal can wholly, 
partly, or in no way control their movements. The voluntary 
muscles are principally concerned in the locomotion of animals. 
Tiiey are the power which moves the several orders of levers 
into which the skeleton of an animal resolves itself. 

The movements of the voluntary and involuntary muscles 
are essentially wave-like in character, i.e. they spread from 
certain centres, according to a fixed order, and in given direc- 
tions. In the extremities of animals the centripetal or con- 
vet^ng muscular wave on one side of tlie bone to be moved, 
is accompanied by a corresponding centrifugal or diverging 
wave on the other side ; the bone or bones by this arrangement 
being perfectly under control and moved to a hair's-breadth. 
The centripetal or converging, and the centrifugal or diverging 
waves of force are, as already indicated, correlated.^ Similar 
remarks may be made regarding the different parts of the body 

' Muscles virtuallj- possess .i pulling ond pushing powhr ; the piisljijig 
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oE the serpent when creeping, of the body of the ijsh when 
swimming, of the wing of the biiil when flying, and of our own 
extremities when walliing. In ;dl those cases the moving 
I»arts ai-e thrown into curves or waves definitely correlated. 

It may be broadly stated, tliat in eveiy case locomotion is 
the result of tlie opening and closing of opposite sides of 
muscular cycles. By the closing or shortening, say of the 
Hexor halves of the cycles, and the opening or elongation of 
the extensor halves, the angles formed by tlie osseous levtirs 
are dimiuislied ; by tlie closing or shortening of the extensor 
halves of the cycles, and the opening or elongation of the 
flexor halves, the angles formed by the osseous levers are 
increased. This alternate diminution and increase of the 
angles fonned by the osseous levers produce the movements 
of walking, swimming, and flying. The muscular cycles of 
the trunk and extremities are so disposed with regard to the 
bones or osseous levers, that they in every ease produce a 
maximum result witli a minimum of power. The origins 
and insertions of the muscles, the direction of the muscles and 
the distribution of the muscular fibres insure, that if power 
is lost in moving a lever, speed is gained, there being an 
apparent but never a real loss. The variety and extent of 
movement is secured by the obliquity of the muscular fibres 
to their tendons; by the obliquity of the tendons to the bones 
they are to move ; and by the proximity of the attachment 
of the muscles to the several joints. i\s muscles are capable 
of shortening and elongating nearly a fouilJi of their length, 
they readily produce the precise kind and digree of motion 
required in any particular case.' 

The force of muscles, according to the experiments of 
Schwann, increases with their length, and vice versa. It is a 
curious circumstance, and worthy the attention of those in- 
terested in homologies, that the voluntary muscles of the 
power being feeble and obscured by the flaccidity of the muscular moss. lu 
older to piisli etfectunlly, tl]e pusliing substance must be more or less i%id. 

' The extcpsor muBcilea preponderate in mass and weight over the flexors, 
but this in re&dily accounted tur by the fact, that thu eitensoi-s, whan limbs 
are to he straightened, always work at a mechanical disadvantage. This ix 
owing to the shape of the bones, the conformation of the joints, and the 
position occupied by the estensora. 
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superior and inferior extremities, and more especially of the 
trunk, are arranged in longitudinal, transverse, and oblique 
spiral lines, and in layers or strata precisely as in the 
ventricles of the heart and hollow muaeles generally.^ If, 
consequently, I eliminate the element of bone from these 
several regions, I reproduce a typical hollow muscle; and 
what is stiU more remarkable, if I compare the bones re- 
moved (say the bones of the anterior extremity of a quad- 
ruped or bird) with the cast obtained &om the cavity of a 
hollow muscle (say the left ventricle of the heart of the 
mammal), I find that the bones and the cast are twisted 
upon themselves, and form el^ant screws, the threads or 
ridges of which run in the same direction. This affords a 
proof that the involuntary hollow muscles supply the type or 




Interior ofUie left ventrielB nflhe hi 

deer. Bbowa that -UiB left ventiloHlar civitj is waiieal and spiral in Its 
nstiira. a Portton of right ventiicoliu cavity ; li. Imso of left -veulniMilar 

etxlir ; X, w, spiral groor^ 

spiral rldaesprnji-*-----"- 

pattem on which tlie voluntary muscles are formed. Fig. 6 re- 
presents the bones of the wing of the bird ; fig. 7 the bones of the 

' " On the Arrangement of tlie Miiseiilar Fihres in tlie Ventricles of the 
Vertebrate Heart, with Pliysiologioal Kumarlis," lij tlio Antlior.— Philo- 
aopMcal Transactions, 1864. 
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anterior extremity of the elephaut ; and fig. 8 the cast or mould 
of the cavity of the left ventricle of the heart of the deer. 

It has been the almost invariable custom in teaching 
anatomy, and such parts of physiology as pertain to animal 
movements, to place much emphasis upon the configuration 
of the bony skeleton as a whole, and the conformation of its 
several articular surfaces in particular. This is very natural, 
aa the osseous system stands the wear and tear of time, while 
all around it is in a great measure perishable. It is the link 
which binds extinct forma to living ones, and we naturally 
venerat* and love what is enduring. It is no marvel that 
Oken, Goethe, Owen, and others should have attempted such 
splendid generalizations with regar<l to the osseous system — 
should have proved with such cogency of argument that the 
head is an expanded vertebra. Tlie bony skeleton is a miracle 
of design very wonderful and very beautiful in its way. But 
when all has been said, the fact remains that the skeleton, 
when it exists, forms only an adjunct of locomotion and 
motion generally. All the really essential movement* of an 
animal occur in its soft parts. The osseous system is there- 
fore to be regarded as secondaiy in importance to the mus- 
cuIe^, of which it may be considered a differentiation. Instead 
of regarding the muscles as aflapted to the bones, the bones 
ought to be regarded as a<lapted to the muscles. Eon^ have 
no power either of originating or perpetuating motion. This 
begins and terminates in the muscles. Nor must it he over- 
. looked, that bone makes its appearance comparatively late in 
tlie scale of being ; that innumerable creatures exist in which 
no trace eitlier of an external or internal skeleton is to be 
found ; that tJiese creatures move freely about, digest, circu- 
late their nutritious juices and blood when present, multiply, 
and perform all the functions incident to life. While the 
skeleton is to be found in only a certain proportion of the 
animals existing on our globe, the soft parte -are to be met 

" On the Miiaoulnr ArrangenientB ot the Bladiler oiul Proilnte, and tha 
iiiaiinor in which tlio Ureters mnl Ui'etlira nii; closeil," hy Hje Author. — 
P1iilo«niihi«i[ Tiitnaaetions, ISfiT. 

" On the MuBCHlar THHicB in the StoniMh of Man m\A otlicr ftlainniaha," 
hy the Author. —ProiTixliiigs Royal Society uf Luiulon, 186?. 
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with in all ; and this appears to me an all-sufficient reason 
for attaching great importance to the movements of soft 
partfi, snch aa protoplasm, jelly masses, involnntary and volun- 
tary muscles, ete.^ As the muscles of vertebrates are accu- 
rately applied to each other, and to the bones, while the bones 
are rigid, unyielding, and incapable of motion, it follows that 
the osseous system acts as a break or boundary to the muscular 
one, — and hence the arbitrary division of muscles into exten- 
sors and flexors, pronators and supinator=i, abductors and ad 
dnctors. Tliis division although convenient is calculated to 
mislead. The most highly organized animal is strictly speaking 
to be regarded as a living mass whose pirts {hird, soft, and 




otherwise) are accurately adapted to each other, every part 
reciprocating with scrupulous exactitude, and rendering it 
difficult to determine where motion begins and where it ter- 
minates. Fig. 9 shows tlie more superficial of tlie muscular 
masses which move the bones or osseous levers of the horse, 
as seen in the walfe, trot, gallop, etc. A careful examination 
of these carneous masses or muscles will show that they run 
' Leotnres " On tfie PliyEiology of the Cironlation in Plants, in the Lower 
Animals, and in Man," by the Author, - Etlinbni^li Meilical Joiimal for Sep- 
tember 1873. 
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longitudinally, transversely, and obliquely, the longitudinal 
and transverse muscles crossing each other at neatly right 
angles, the oblique ones tending to cross at various angles, as 
in the letter X. The crossing is seen to most advantage in 
the deep muscles. 

In order to understand the twisting which occurs to a 
greater or less extent in the bodies and extremities (when 
liresent) of all vertebrated animals, it is necessary to reduce the 
bony aud muscular systems to their simplest expression. If 
motion is desired in a dorsal, ventral, or lateral direction only, a 
d()rsal and ventral or a right and left lateral set of longitudinal 
muscles acting upon straight bones articulated by an ordinary 
ball-and-socket joint will suffice. In this case the dorsal, 
ventral, and right and left lateral muscles form musetdar cycles ; 
contraction or shortening on the one aspect of the cycle being 
accompanied by relaxation or elongation on the other, the 
bones and joints forming as it were the diameters of tlie 
cycles, and oscillating in a backward, forward, or lateral 
direction in proportion to the degree and direction of the 
muscular movement's. Here the motion is confined to two 
planes intersecting ejcch other at right angles. When, how- 
ever, the muscular system becomes more highly differentiated, 
both as regards the number of the muscles employed, and the 
variety of the directions pursued by them, the bones and 
joints also become more complicated. Under these circum- 
stances, the bones, as a rule, are twisted upon themselves, 
and their articular surfaces present various degrees of spirality 
tomeet the requirements of the muscular system. Between the 
straight longitudinal muscles, therefore, arranged in dorsal and 
ventral, and right and left lateral sets, and those which run in a 
more or less transverse direction, and between the simple joint 
whose motion is confined to one plane and the ball-and-socket 
joints whose movements are universal, every degree of obli- 
quity is found in the direction of the muscles, and every pos- 
sible modification in tlie disposition of the articular surfaces. 
In the fish the muscles are for the most part arranged in 
dorsal, ventral, and lateral sets, which run longitudinally j and, 
as a result, the movements of the trunk, ]>articiilarly towards 
the tail, are from side to side and sinuous. As, however, 
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oblique fibres are also present, and the tendons of the longi- 
tudinal muscles in some instances cross obliquely towards the 
tail, the fish has also the power of tilting or twisting its 
trunk (particularly the lower half) as well as the caudal fia 
In a mackerel which I examined, the ohlique muscles were 
represented by the four lateral masses occurring between the 
dorsal, ventral, and lateral longitudinal muscles — two of 
these beiug found on either side of the fish, and corresponding 
to the myocommas or " grand mitsde lateral" of Cuvier, The 
muscular system of the fish would therefore seem to be ar- 
ranged on a fourfold plan, — there being four sets of longi- 
tudinal muscles, and a corresponding number of slightly 
obHqne and oblique muscles, the oblique muscles being spiral 
in their nature and tending to cross or intersect at various 
angles, an arrest of the intersection, as it appears to me, 
giving rise to the myocommas and to that concentric arrange- 
ment of their constituent parts so evident on transverse 
section. This tendency of the muscular fibres to cross 
each other at various degrees of obliquity may also be traced 
in several parts of the human body, as, for instance, in the 
deltoid muscle of the arm and the deep muscles of the leg. 
Numerous other examples of penniform muscles might be 
adduced. Although the fibres of the myocommas have a 
more or less lon^tudinal direction, the myocommas them- 
selves pursue an oblique spiral course from before backwards 
and from within outwards, i.e. from the spine towards the 
periphery, where they receive slightly oblique fibres from the 
longitudinal dorsal, ventral, and lateral muscles. As the 
spiral oblique myocommas and the oblique fibres from the 
longitudinal muscles act directly and indirectly upon the 
spines of the vertehne, and the vertebra themselves to which 
they are specially adapted, and as both sets of ohlique fibres 
are geared by interdigitation to the fourfold set of longitu- 
dinal muscles, the lateral, sinuous, and rotatory movements of 
the body and tail of the fish are readily accounted for. 
Tlie spinal column of the fish faciliUtes the lateral sinuous 
twisting movements of the tail and trunk, from the fact that 
tlie vertehne composing it are united to each other by a series 
of moiiificd universal joints — the vertebrse supplying the cup- 
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shaped depressions or sockets, the intervertebral substance, 
the prominence or ball. 

The same may be said of the general arrangement of the 
muscles in the trunk and tail of the Cetacea, the principal 
muscles in this case being distributed, not on the sides, but 
on the dorsal and ventral aspects. The lashing of the tail 
in the whales is consequently from above downwards or 
vertically, instead of from side to side. The spinal column is 
jointed as in the fish, with tliis difference, that the vertebrte 
(especially towards the tail) form the rounded prominences or 
ball, the meniscus or cup-shaped intervertebral plates the 
receptacles or socket. 

When limbs are present, the spine may be regarded as 
being ideally divided, the spiral movements, under these 
circumstances, being thrown upon the extremities by typical 
ball-and-socket joints occurring at the shoulders and pelvis. 
This is peculiarly the case in the seal, where the spirally 
sinuous movements of the spine are transferred directly to 
the posterior extremities.^ 

The extremities, when present, are provided with their 
own muscular cycles of extensor and flexor, abductor and 
adductor, pronator and supinator muscles, — these running 
longitudindly and at various degrees of obliquity, and en- 
veloping the hard parts according to their direction — the 
bones being twisted upon themselves and furnished with 
articular surfaces which reflect the movements of the 
muscular cycles, whether these occur in straight lines an- 
teriorly, posteriorly, or laterally, or in oblique Unes in inter- 
mediate situations. The straight and oblique muscles are 
principally brought into play in the movements of the extremi- 



' That the movemenis of the extremities primarily emanai* from the spine ia 
rendered prolrablB by the remarliabta powers poasessed tiy serpents. " It is 
true," writesPriife8SorOwen(qp.«(. p. 26]), "that the serpent has no ihnba, 
yet it can outclirnb the monliey, outawim tie fish, outieap the jerboa, and, 
suddenly loosing the close coils of tta crouctiing spiral, it can spring into tbe 
eiv and. seize the bird upon the wing." .... " The serpent has netUiei 
hands nor talons, yet it can outwrestle the athlete, and crush the tiger in the 
emliraee of its ponderous overlapping folds." The pfouliar endowments, 
wliicli aciicmpany the possession of CKtremities, it appears to me, prosenl 
themseiviis in an undeveloped or latent form in the trunk of the reptile. 
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ties of quadrupeds, bipeds, etc, in walking; in the move- 
ments of the tails and fins of fishes, whales, etc. in swimming ; 
and in the movements of the wings of insects, bats, and 
birds in flying. The straight and obliqae . muscles are 
usually found together, and eo-operate in producing the 
movements in question; the amount of rotation in a part 
always increasing as the oblique muscles preponderate. The 
combination of ball-and-socket and hinge-joints, with their con- 
comitant obliqae and longitudinal muscular cycles (the former 
occurring in ^eir most perfect forms where the extremities 
are united to the trunk, the latter in the extremities them- 
selves), enable the anima! to present, when necessary, an exten- 
sive resisting surface the one instant, and a greatly diminished 
and a comparatively non-resisting one the next- This arrange- 
meut secmes the subtlety and nicety of motion demmded by 
the several media at diffeient stages of progression 

The tiavelhng mfaccs of Animah inodijiei and adapki 
to the medium im oi m iih h ihey nuv — ^In thise land 
ftuimals which take to the water occasionally the feet is a 




Fioa. IB — 

ftog (llg. m etc Here the ft 
watm'. —Orl^inai. 

Vjo. 14.— Foot of the aeSI, nliioh openB and closes In the act of nstattnn, 
the orean lielng fbldstl upon itself dnriim the non-efffeoOve or rotnm stroke, 
and exnandDil Stiilng Ihe efltetlTe or tamtti etroke. Due sdvantage in 
taken, of thla arrangement bj the seal when swimnitng, ihe nnimHl lotating 
on lis IDI^ arts, so as to present the lower portion of the hody and the 
feet obliquely l^ the tfAter dn-ring the ntom Bbroke, and t^e ITat, or the 
flrsatost aTsuatAe sur^e ol both, during Uia eflBcttre or forward stroke. — 
Oi'iglJUsl- 

rale, are furnished with membranous expansions extend- 
ing between the toes. Of such the Otter (fig. 12), Ornitho- 
rhynchus (fig. H), Seal (fig. 14), Crocodile, Sea-Bear (fig. 37, 
p- 76), Walrus, Frog (fig, 13), and Triton, may be cited. 
Tlie crocodile and triton, in addition to the membranous 
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expansion occurring between the toes, are supplied with a 
powerful swimming-tail, which adds very materially to the 
surface engaged in natation. Those animals, one and all, 
walk awkwardly, it always happening that when the ex- 
tremities are modified to operate upon two essentially 
different media (as, for instance, the land and water), the 
maximum of speed is attained in neither. For tliis reason 
those animals which swim the best, walk, as a rule, with the 
greatest difficulty, and mce versA, as the movements of the 
auk and seal in and out of the water amply testify. 

In addition to those land animals which run and swim, 
there are some which precipitate themselves, parachute- 
feshion, from immense heights, and others which even fly. 
In these the membranous expansions are greatly increased, 
the ribs affording the necessary support in the Dragon or 
Flying Lizard (fig. 15), the anterior and posterior extremities 
and tail, in the Flying Lemur (fig. 16) and Bat (fig 17,p. 36). 




Fro. IK.— The Rod-throatBa Dragcm (Droco TuemUmioon, Gray) showa a laiue 
mem1>niionH ovpan^olL b) altnatad betwaau Um anterior {d di nnd pas- 
t«rlni eitremltteB, bdiI aapported 'by His nhs. Tlie drggnn by tbls OTrangs- 
mflDt CBA take extetii^ve le&ps witii perf^ ajijeby. — Orf^MoL 

Flo. la,— ThB PlyfiiK IiBmnr (OaJeopWieait velam. ShKX). In the flying 

Mjing Dn^n {flg. 151. It Is BOppoitod by the Jiciik, back, and tatl, and 
by the nntoi-ior mid posterior extremltiea, the flying Ifmur lakea enor- 
roona leaps; its niembrancms tnnic all hut enabling it to fly. The Bat. 
FhsUorUna gmeiUa (%. IT), flies wiUi a very sl^lbt Increaao of surface. 
The anrfacB exposed l^ Ihe bat exceeds that displayed by many inaeetfl 
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d Urds, Tho wings nf the bat nrs deeply concave, and bo FeseniUe ihe 



S, Ji'ndTan 



,_ TUe bunei 
It (fig. 17) Bl 



— Origin^. 




Although no lizard is at present known to fly, there can 
be little doubt that the extinct Pteroda^tyles (which, accord- 
ing to Professor Huxley, are Intermediate between the lizards 
and crocodiles) were possessed of this power. The bat is 
interesting as being the only mammal at present endowed 
with wings sufficiently large to enable it to fly.^ It affords 
an extreme example of modification for a special purpose, — 
its attenuated body, dwarfed posterior, and greatly elongated 
anterior extremities, with their enormous fingers and out- 
spreading membranes, completely unfitting it for terrestrial 
progression. It is instructive as showing that flight may be 
attained, without the aid of hollow bones and air-sacs, by 
purely muscular eff'orts, and by the mere diminution and 
increase of a continuous membrane. 

As the flying lizard, flying lemur, and bat (figs. 15, IG, and 
17, pp. 35 and 36), connect terrestrial progression with aerial 
progression, so the auk, penguin (fig. 46, p. 91), and flying- 
fish (fig, 51, p, 98), connect progression in the water with 
progression in the air. The travelling surfaces of these ano- 
malous creatures run the movements peculiar to the three 
highways of nature into each other, and bridge over, as it 
were, the gaps which naturally exist between locomotion on 
the land, in the water, and in the air. 

' The Vampire Bat of the Island of Bonin, aoeording to Dr. Buclilanfl, can 
al«o swim ; anil this nnthority was of opinion that the Pterodaetyle enjojail 
ainiiiar advanti^es.— Eng. Cyol. vol. iv, p. 495. 
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Walk ng of the Q duped Pped I — A the eirth, because 
of ts sol d ty II bear any amouot of i ressu e to which it 
may be abjected the size si ip an 1 e ^1 1 of animals 
dest ned to t a erse its surface -vre n attt ■& f 1 ttle or no 
con eijuen e As moreover the su ia e trod upon is rigid 
or unj 1 buj, the extrem t es of quadn pe Is aie as a ruJe, 
t« m tel by smaU fe t F,, 18 ( ontra t w th fi„. 17). 



*^ 




Fio, 18.— ChiUinRliniii Bull (Bra SeoKoiA Bbrm pnw ifn hcniy Imdy, and 
Uie BrnnU ejtremities HOopted far ]snd tnuisit. Aluo tlie Bgiir6-or.fl move- 
monta made hj the fe(4 and liiuba In wnlfclng and mimiiis, », ( Curves 
muile by liEfat and left anlerlor eiiieinllieB. r, s Curvwi msda In' i^ht 
aad left ponarlor ndiieiiiiljea. The f^ght fore uid the left biod foot move 
together tn form the wived line (s, ii) ; tlie left Hire aud the light bind foot 
move tneetber to form the waved line (f, f}. The enrves formed 1jy the 
nnlonor (u v) and posterior fr, e) extremities form ellipses- Compare ^llli 
flff. 19, p. ^.—Original. 

Tn this there is a double purpose — the limited area pre- 
pented to the ground affording the animal sufficient support 
and leverage, and enablinK it to disentangle its feet 'witli tlifi 
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utmost facility, it being a condition in rapid terrestrial pro- 
gression that the points presented to the earth be few in 
number and limited in extent, as this approximittes tlie feet 
of animals most closely to the wheel in mechanics, where the 
surface in contact with the plane of progression is reduced to 
a minimum. When the surface presented to a dense resisting 
medium is increased, speed is diminished, as shoWn in the 
tardy movements of the mollusc, caterpillar, and slowworm, 
and also, though not to the same extent, in the serpents, 
some of which move with considerable celerity. In the gecko 
and common house-fly, as is well known, the travelling sur- 
faces are fiimished with suctorial discs, which enable those 
creatures to walk, if need be, in an inverted position ; and 
" the tree-frogs {Hyld) have a concave disc at the end of each 
toe, for climbing and adhering to the bark and leaves of trees. 
Some toads, on the other hand, are enabled, by poculiar 
tubercles or projections from the palm or sole, to clamber up 
old walls."* A similar, but more comjilicated arrangement, 
is met with in the arms of the cuttle-fish. 

The movements of the extremities in land animals vary 
considerably. 

In the kangaroo and jerboa,^ the posterior extremities 
only are used, the animals advancing per saltwm, i.e. by a 
series of leaps.^ 

Tlie deer also bounds into the air in its slower movements; 
in its fastest paces it gallops like the horse, as explained at 
pp. 40-44. The posterior extremities of the kangaroo aro 
enormously developed as compared with the anterior ones ; 
they are also greatly elongated. The posterior extremities 
are in excess, likewise, in the horse, rabbit,* agouti, and guinea 

• Comp. Arat. and Phya. ot Vertebnites, by Profesaor Owen, vol. i. pp. 
262,263. Loiia. 1866. 

' Tho jarbon wlien pursued can leap a distance of nine feet, a»i! repent t)ie 
leaps Eo rapidly that it cannot lie overtaken eren by tbe ai(< of a swift hoi'su. 
Tbe bullfrog, a mudi smaller animal, con, tvhen presseit, clear IVom eIx to 
e^iit feet at each bound, and project itself over a fence five feet high, 

' The long, powerful tail of tlie hangoroo assists iu maintaining the eqiii- 



n of the animal prior 
tail fonning a tripod of support. 
* lliP rabbit ocoasioi.aJly tokeB several short steps with the fore 
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pig. As a consequence these animals descend declivities with 
difficulty. They are best adapted for slightly ascendlDg ground. 
In the giraffe the anterior extremities are longer and more 
powerful, comparatively, than the posterior ones, which is 
just the opposite condition to that found in the kangaroo. 

In the giraffe the legs of opposite sides move together and 
alternate, whereas in most quadrupeds the extremities move 
diagonally — a remark which holds true also of ourselves in 
walking and skating, the right leg and left arm advancing 
together and alternating with theJoft leg and right arm (fig. 1 9). 



Fir.. 19.— Dingmra ahiiwing the Sgete-otS 

light Ing (r) nria left mm (s) odtiavaDp: glninltaiieai 

end aaiorimtLinf wLl'- •' • '*' '— " ■■ -'-'■'■ ' 

vsnr» togRtticc to fi 



left legman. ._„ ,_,. 

secood bUp. The codUuiiddb HaeCr, Cfrnm 

lido bj tbe legs ; tbe Interrupted lino (t, «] that made h; 



_ macle by tte light Itg anfl left ann, imd Iiy the lea leg 

»nd right arm, foim ellipses. Compure with ilg, IS, p. SL—OHgiMit. 

In the hexapod insects, according to Miiller, the fore and 
hind foot of the one side and the middle one of the opposite 
side move together to make one step, the three corresponding 
and opposite feet moving together to form the second step. 
Other and simUar combinations are met with in the decapods. 

The alternating movements of the extremities are interest- 
ing as betokening a certain degree of flexuosity or twisting, 
either in the trunk or limbs, or partly in the one and partly 
in the other. 

This twisting b^ets the figure-of-8 movements observed in 
walking, swimming, and flying. (Compare figs. 6, 7, and 26 x, 
pp. 28 and 55; figs. 18andl9,pp. 37and 39; figs. 32 and 50, 
pp. 68 and 97; figs. 71 and 73, p. U4 ; and fig. 81, p. 157.) 

Locomotion of the Horse. — As the limits of the present 
volume forbid my entering upon a consideration of the move- 
ments of all the animals with terrestrial habits, I will describe 
briefly, and by way of illustration, those of the horse, ostrich, 
ono long one urith the liind logs ; so that it walks with tlie fore l«gs, .md liajis 
with the hinil ones. 
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and man. In the horae, as in all quadrupeds endowed with 
great speed, the bones of the extremities are inclined obliquely 
towards each other to form angles ; the angles diminishing as 
the speed increases. Thus the angles formed by the bones of 
the extremities with each other and with the scapulte aud 
i!ia« bones, are leas in the horse than in the elephant. For 
the same reason they are less in the deer than in the horse. 
In the elephant, where no great speed is required, the limbs 
are nearly straight, this being the best arrangement for sup- 
porting superincumbent weight. The angles formed by the 
different bones of the wing of the bird are less than in the 
fleetest quadruped, the movements of wings being more rapid 
than those of the extremities of quadrupeds and bipeds. 
Tliese are so many mechanical adaptations to neutralize shock, 
to increase elasticity, and secure velocity. The paces of the 
horse are conveniently divided into the walk, the trot, the 
-amble, and the gallop. If the horse begin.s his walk by rais- 
ing his near fore foot, the order in which the feet are lifted is 
as follows : — first the left fore foot, then the right or diagonal 
bind foot, then the right fore foot, and lastly the left or 
diagonal hind foot. There is therefore a twisting of the 
body and spiral overlapping of the extremities of the horse 
in the act of walking, in all respects analogous to what 
occurs in other quadrupeds ' and in bipeds (figs. 18 and 19, pp. 
37 and 39). In the slowest walk Mr. Gamgee observes "that 
three feet are in constant action on the ground, whereas in 
the free walk in which the hind foot passes the position from 
which the parallel fore foot moves, there is a fraction of time 
when only two feet are upon the ground, but the interval is 
too short for the eye to measure it. The proportion of time, 
therefore, during which the feet act upon the ground, to that 
occupied in tlieir removal to new positions, is as three to one 
in the slow, and a fraction less in the fast walk. In the fast 
gallop these proportions are as five to three. In all the paces 
the power of the horse is being exerted mainly upon a fore 



' If a cat when WRlking is seen from alio 

ent is observeii travelling nlong its spine from before bnckwiinls, Tlii^ 

ovoment closely resemliles tlie crawling of the serpent aud the awimnung of 
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Rnd hind limb, with ike fed implmkd in diagonal positions. 
There ia also a constant parallel line of positions kept up by 
a fore and hind foot, ulternating sides in each successive move. 
These relative positions are renewed and mstintained. Thus 
ea«h fore limb assumes, as it alights, the advanced position 
parallel with the hind, just released and moving; the hind 
feet move by turns, in sequence to their diagonal fore, and in 
priority to their parallel feDows, which following they main- 
tain for nearly half their course, when the fore in its turn is 
raised and carried to its destined place, the hind alighting 
midway. All the feet passing over equal distances and keep- 
ing the same time, no interference of the one with the other 




aad eitreinities, ^, — ^- — ^„ -„ ^ 

The fl^re-of-^ 1b prodncfld "by the altflmata pi 

tH:oofirhlii]iBt«alvayg(intliagrDUDd<a,1i). IJ 

the curre marked t, (ha left bind ftiot Oat mariraa r, ine len 

DiHiked », and Vae r^t kind toot that marked i. The test on 

llie pre-sent instaiuM are Uie lett fore and Hie right bfnd. CompalD Bith 

figs 18 and 19, pp. S7 and 39. - OHgiwU. 

occurs, and each successive hind foot as it is implanted forms 
a new diagonal with the opposite fore, the latter forming the 
front of the parallel in one instant, and one of the diagonal 
positions in the next : while in the case of the hind, they 
assume the diagonal on alightiiig and become the terminators 
of the parallel in the last part of their action." 

Id the trot, according to Bishop, the legs move in pairs 
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dis^onally. The saine leg moves rather ofteiier during the 
same period in trotting thau in walking, or as six to five. The 
velocity a*;quired by moving the legs in pairs, instead of coii- 
fswutivdy, depends on the circumstance that in the trot each 
leg rests on the ground during a sliort interval, and swings 
during a long one ; whilst in walking ea«h leg swings a sliort, 
and rests a long period. The undulations arising from the 
projection of the tiimk in the trot are cliiefly in the vertical 
plane ; in the walk they are more in tlie horizontal. 

The gallop has been errpneously believed to consist of a 
series of bounds or leaps, the two hind legs being on the 
ground when the two fore legs are in the air, and mce vei'sd, 
there being a period when all four are in the air. Thus 
Mainhell in his " Essay on the Proportions of Eclipse," states 
" tliat the gallop consists of a repetition of bounds, or leaps, 
more or leas high, and more or less extended in proportion to 
the strength and lightness of the ajuimal." A little reflection 
will show that this definition of the gallop cannot be tho 
correct one. When a horse takes a ditch or fence, he gathers 
himself together, and by a vigorous effort (particularly of the 
hind legs), throws himself into the air. This movement 
requires immense exert.ion and is short-lived. It is not iu 
the power of any horse to repeat these bounds for more than 
a tew minutes, from which it follows that tlie gallop, which 
miay be continued for considerable periods, must differ very 
materially from the leap. 

The pace known as the amble is an artificial movement, 
produced by the cunning of the trainer. It resembles that of 
the giraffe, where the right fore and right hind foot move 
together to form one step ; the left fore and left hind foot 
moving together to form the second step. By the rapid 
repetition of these movements the right and left sides of the 
body are advanced alternately by a lateral swinging motion, 
very comfortable for the rider, but anything but graceful. 
The amble is a defective pace, inasmuch as it interferes with 
the diagonal movements of the limbs, and imjxiirs the con- 
tinuity of motion which the twisting, cross movement begets. 
Similar remarks might be made of the gallop if it consisted 
(wJiich it does not) of a scries of bounds or leaps, as cacli 
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Iwuiiil woTild be succeeded by a IiaJt, or dead point, that could 
not fail seriously to compromise continuous forward motion. 
In tlie gallop, as in the slower movements, the horse has 
never less than two feet on the ground at any instant of time, 
no two of the four feet being in exactly the same position, 

Mr. Gramgee, who has studied the movements, of the horse 
very carefully, has given diagrams of the walk, trot, and 
gallop, drawn to a scale of the feet of a two-year-old colt in 
training, which had been walked, trotted, and galloped over 
the ground for the purpose. The point he sought to deter- 
mine was the exact distance through which each foot was 
carried from the place where it was lifted to that where it 
alighted. The diagrams are reproduced at iignres 21,22, and 
23. In figure 23 I have added a continuous waved line to 
indicate the alternating movements of the extremities ; Mr. 
Gamgeo at the time he wrote ^ being, he informs me, unac- 
quainted with the figure-of-S theory of animal progression as 
subsequently developed by mo. Compare fig. 23 with figs. 
18 and lU, pp. 37 and 39 ; with fig. 50, p. 97 ; and with figs. 
71 and 73, p. lU. 



Sin. 121 in. ISjla. 
lofstrUfefiaSin. 




In examining figures 21, 22, and 23, the reader will do 
well to remember Uiat the near fore and hind feet of a horse 
are the left fore and hind feet ; the off fore and hind feet 
being the right fore and hind feet. The terras near and off 

I "OtitlieBreedingof Himteis !im! Iljailsters." Prize Esaay.—Journalol 
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are technical expressions, and apply to the left and right 
sides of tlie animal. Another point to be attended to in 
examining the figures in question, is the relation which 
exists between the fore and hind feet of the near and 
off sides of the body. In slow walking the near hind foot 
is planted behind the imprint made by the near fore foot. 
In rapid walking, on the contrary, the near hind foot is 
planted from six to twelve or more inches in advance of the 
imprint made by the near fore foot (fig. 21 represents 
the distance as eleven inches). In the trot the near hind foot 
is planted from twelve to eighteen ormore inches in advance of 
the imprint made by the near fore foot (fig. 23 represents the 
distance as nineteen inches). In the gallop the near hind foot 
IB planted 100 or more inches in advance of the imprint made 
by the near fore foot (fig. 23 represents the distance as IIOJ 
inches). The distance by which the near hind foot passes 
the near fore foot in rapid walking, trotting, and galloping, 
increases in a progressive ratio, and is due in a principal 
measure to the velocity or momentum acquired by the mass 
of tlie horse in rapid motion; the body of the animal carrying 
forward and planting the limbs at greater relative distances 
in the trot than in the rapid walk, and in the gallop than in 
the trot. I have chosen to apeak of the neai- hind and near 
fore feet, but simUar remarks may of conrse be made of the 
off hind and off fore feet. 

"At fig. 23, which represents the gallop, the distance 
between two successive impressions produced, say by the near 
fore foot, is e^hteen feet one inch and a half. Midvfay 
between these two impressions is the mark of the near hind 
foot, which therefore subdivides the space into nine feet and 
six-eighths of an inch, but each of these is again subdivided 
into two halves by the impressions produced by the off fore 
and off hind feet. It is thus seen that the horse's body 
instead of being propelled through the air by bounds or leaps 
even when going at the highest attainable speed, acts on a 
system of levers, the mean distance between the points of 
resistance of which is four feet six inches. The exact length 
of stride, of course, only applies to that of the particular horse 
observed, and the rate of speed at which he is going. In tho 
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case of .any one animal, the greater the speed the longer is 
the individnal strida In progression, the body moves before a 
limb is raised from the ground, as is most readily seen when 
the horse is beginning its slowest action, as in traction." ^ 

At fig. 22, which represents the trot, the stride is ten feet 
one inch. At fig. 21, which represents the walk, it is only 
five feet five inches. The speed acquired, Mr. Gamgee points 
out, determines the length of stride; the length of stride 
being the efi'ect and evidence of speed and not the cause of it. 
The momentum acquired in the gallop, as already explained, 
greatly accelerates speed. 

" In' contemplating length of strides, with reference to the 
fulcra, allowance has to be made for the length of the fe«t, 
which is to be deducted from that of the strides, because the 
apex, or toe of the horse's hind foot forms the fulcrum in one 
instant, and the heel of the fore foot in the next, and vke 
mrsd. This phenomenon is very obvious in the action of the 
human foot, and is remarkable also for the range of leverage 
thus afforded in some of the fleetest quadrupeds, of different 
species. In the hare, for instance, between the point of its 
hock and the termination of its extended digits, there is a 
space of upwards of six inches of extent of leverage and 
variation of fulcrum, and in the fore limb from the carpus to 
the toe-nwls (whose function in progression is not to he 
underrated) upwards of three inches of leverage are found, 
being about ten inches for each lateral biped, and the double 
of that for the action of all four feet. Viewed ia this way 
the stride is not really so long as would be supposed if merely 
estimated from the space between the footprints. 

Many interesting remarks might be made on the length of 
the stride of various animals ; the full movement of the grey- 
hound is, for instance, upwards of sixteen feet ; that of the 
hare at least equal ; whilst that of tho Newfoundland dog ia 
a little over nine feet." ^ 

Locomoiim of the Osirich. — Birds have been divided by 

naturalists into eight orders ; — the Nataiores, or Swimming 

Birds; the Grallatores, or Wilding Birds; the Cursores, or 

Running Birds ; the Seamores, or Climbers ; the Easores, or 

1 Gamgee in Journal of Anatomy and Plij-siology, vol. iii. pp. 376, 376. 
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Scrapers; the Columbte, or Doves; the Passeres; and the 
liaplores, or Birds of Prey. 

The first five orders have been classified according to their 
habits and modes of progression. The Natahres I shall con- 
sider when I come to speak of swimming as a form of locomo- 
tion, and as there is nothing in the movements of the wading, 
scraping, and climbing birds,^ or in the Passeres ^ or llaptores, 
requiring special notice, I shall proceed at once to a considerar 
tion of the Cwrsores, the best examples of which are the 
ostrich, emu, cassowary, and apteryx. 

The ostrich is remarkable for the great length and develop- 
ment of its legs as compared with its wings (fig. 2 4). In this 
respect it is among birds what the kangaroo is among maomials. 
The ostrich attains an altitude of from six to e^ht feet, and 
is the largest living bird known. Its great height is due to 
its attenuated neck and legs. The latter are very powerful 
structures, and greatly resemble in their general conformation 
the posterior extremities of a thoroughbred horse or one of the 
larger deer — compare with fig. 4, p. 21. They are expressly 
made for speed. Thus the bones of the leg and foot are in- 
clined very obliquely towards each other, the femur being in- 
clined very obliquely to the ilium. As a consequence the 
angles made by the several bones of the legs are compara- 
tively small ; smaller in fact than in either the horse or deer. 

The feet of the ostrich, like those of the horse ajid deer, 
are reduced to a minimum as regards size ; so that they 
occasion very little friction in the act of walking and running. 
The foot is composed of two jointed toes,^ which spread out 
when the weight of the body comes upon them, in such a 
manner as enables the bird to seize and let go the ground 
with equal facility. The advantage of such an arrangement 
in rapid locomotion cannot be over-estimated. The elasticity 
and flexibility of the foot contribute greatly to the rapidity 

> The ivooiipeoliere climb by the aid of the stiff feathers of their tails ; the 
legs and tail fnrniirg a Arm basis of support. 

' 111 this order tliera are certain binls— tlia sparrows and thnithes, for 
osample —which advance by a aeri'.-s of vigoruiis leaps i the leaps b"ing of ou 
intermitting character. 
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of movement for which this celebrated bird is famous. Tlie 
limb of the oatricb, with its large bones placed very obliquely 
to form a system of powerful levers, is the very embodiment 
of speed. The foot is quite worthy of the limb, it being in 




It oWlqnlWali 



i flbuU with femur 

meta&is«I bone irith ttbia and ninila. d Angle 



metatRT5 



Analo mnde 1)j tarso- 
lade "by bones of foot with 
} each other at noar^ right 



some respects the most admirable structure of its kind in 
existence. The foot of the ostrich differs considerably from 
that of all other birds, those of its own family excepted. 
Thus the under portion of the foot is flat, and specially 
adapt«d for acting on plane surfaces, particularly solids.* The 

' Feet designed for Ewimmiiig, grasping ti'ees, or Reenrii^ pr^y, do not 
operate to advantage on a flat enrface. The awltward waddla of the swan, 
parrot, and eagle wlien on the ground affords iUnstrations. 
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extremities of the toea superiorly are armed witli powerfiil 
short nails, the tips of which project inferiorly to protect the 
toes and confer elasticity when the foot is leaving the ground. 
The foot, like the leg, ia remarkable for its great strength. 
The legs of the ostrich are closely set, another feature of 
speed.^ The wings of the ostrich are in a very rudimentaiy 




Fio -B O-tri hi 



CO d t on IS comi ared with the legs All the bones are pre- 
sent I t tl ey ire so dwi ted tl at they are uieless as organs 
of flight. The angles which the hones of the wing make with 
each other, are still less than the angles made by the bones of 
the leg. This is just what we would a priori expect, as the 
velocity with which wings are moved greatly exceeds that 
with which legs are moved. The bones of the wing of the 
ostrich are inclined towards each other at nearly right angles. 

' Id dravight horses the legs are mnoh wider apart than in racera ; the lea,9 
of the deer being less widely set than those of the rir^r. 

' lu the flptotyn ttie wings are so veryamall that the l>ii-d is coiiinioiiij 
fipokei] ot as the " wingle^ bird." 
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Tlie wings of the ostrich, although useless as flying organs, 
form important auxiliaries in running. When the ostrich 
careers along the plain, he spreads out his wings in such a 
manner that tliey act as balancers, and so enable him to main- 
tain his equilibrium (fig. 35). The wings, because of the angle of 
inclination which their under surfaces make with the horizon, 
and the great speed at which the ftstrich travels, act like 
kites, and so elevate and cany forward by a mechanical 
adaptation a certain proportion of the mass of the bird 
already in motion. The elevating and propelling power of 
even diminutive inclined planes is very considerable, when 
carried along at a high speed in a horizontal direction. The 
wings, in addition to their elevating and propelling power, 



contribute by their short, rapi 
tinuity of motion in the legs. 
1 well. The albatross, foi 



id, swinging movements, to con- 
No bird with large wings can 
example, walks with difficulty. 



and the same may be said of the vulture and eagle. What, 
therefore, appears a defect in the ostrich, is a positive advan- 
tage when its Iiahits and mode of locomotion are taken into 
account 

Professional runners in many cases at matches reduce the 
length of tlieir anterior extremities by flexing their arms and 
carrying them on a level with their chest {fig. 28, p. 62}, It 
would seem that in rapid running there is not time for the arms 
to oscillate naturally, and that under these circumstances the 
arms, if allowed to swing about, retard rather than increase 
the spefld. The centre of gravity is well forward in the 
ostrich, and is regulated by the movements of the head and 
neck, and the obliquity of the body and legs. In running 
the neck is stretch^, the body inclined forward, and the legs 
moved alternately and with great rapidity. When the right 
leg is flexed and elevated, it swings forward pendulum- 
fashion, and describes a curve whose convexity is directed 
towards the right sida When the left leg is flexed and 
elevated, it swings forward and describes a curve whose con- 
vexity is directed towards the left side. The curves made by 
the right and left legs form when united a waved line (vida 
figs. 18, 19, and 20, pp. 37, 39, and 41). When the right 
leg is flexed, elevated, and advanced, it rotates upon the iliac 
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portion of the trunk of the bird, the trunk being supported 
for the time being by the left leg, which is extended, and iu 
contact with the ground. When, the left leg is flexed, elevated, 
and advanced, it in like manner rotates upon the trunk, sup- 
ported in this instance by the extended right leg. The leg 
which ia on the ground for the time being supplies the neces- 
sary lever, the ground Ihe fulcrum. When the r^t log is 
flexed and elevated, it rotates upon the iliac portion of the 
trunk in aforwarddirection, the right foot describing the arc of 
a circle. When the right leg and foot are extended and fixed 
on the ground, the trunk rotates upon the right foot in a for- 
ward direction to form the arc of a circle, which is the converse 
of that formed by the right foot. K the arcs alternately supplied 
by the right foot and trunk are placed in opposition, a more 
or less perfect circle is produced, and thus it is that the loco- 
motion of animals is approximated to the wheel in mechanics. 
Similar remarks are to be made of the left foot and trunk. 
Tlie alternate rolling of the trunk on the extremities, and the 
extremities on the trunk, utilizes or works up the ineitia of the 
moving mass, and powerfully contributes to continuity and 
steadiness of action in the moving parts. By advancing the head, 
neck, and anterior parts of the body, the ostrich inaugurates 
the rolling movement of the trunk, which is perpetuated by 
the rolling movements of the legs. The trunk and legs of the 
ostrich aje active ajid passive by turns. The movements of 
the trunk and limbs are definitely co-ordinated. But for this 
reciprocation the action of the several parts implicated would 
neither be so rapid, certain, nor continuous. The speed of 
the ostrich exceeds that of every other land animal, a circum- 
stance due to its long, powerful legs and great stride. It can 
outstrip without difficulty the fleetest horses, and is only 
captured by being simultaneously assailed from various points, 
or run down by a succession of hunters on fresh steeds. 
If the speed of the ostrich, which only measures six or eight 
fe«t, is so transcending, what shall we say of the speed of the 
extinct jEpyornis mtnmmus and Binomis gigantem, which are 
supposed to have measured from sixteen to eighteen feet in 
height 1 Incredible as it may appear, the ostrich, with its 
feet reduced to a minimum as regards size, and peculiarly 
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organizei] for walking and running on solids can also swim 
Mr. Darwin, that mobt caruful of all observers, mfjnns us 
that ostriches take to the water reidily, and not only foiJ 
rapid rivers, but also cross from island to island Tliej bwim 
teisureiy, with neck Lxteiided, and the greater part ol the 
body submerged. 

Locomotion, in Man. — The speed att<iined by man ■ilthout.h 
considerable, is not remarkable. It depends on a vanety of 
circumstances, such as the height, age, sex, and muscular 
energy of the individual, the nature of the surface passed 
over, and the resistance to forward motion due to the presence 
of air, whether still or moving. A reference to the human 
skeleton, particularly its inferior extremities, wUI explain why 
the speed should be moderate. 

Oh comparing the inferior extremities of man with the legs 
of birds, or the posterior extremities of quadrupeds, say the 
horse or deer, we find tliat the bones composing them are not 
so obliquely placed with reference to each other, neither are 
the angles formed by any two bones so acute. Further, we 
observe that in birds and quadrupeds the tarsal and meta- 
tarsal bones are so modified that IJiere Ls an aetual increase 
in the number of the angles themselves. In the extremities 
of birds and quadrupeds there are four angles, which may be 
increased or diminished in the operations of locomotion. 
Thus, in the quadruped and bird (fig, 4, p. 21, and fig. 24, p. 
47), the femur forms with the ilium one angle (a) ; the tibia 
and fibula with the femur a second angle {b) ; the cannon or 
tarso-metatarsal bone with the tibia and fibula a third angle 
(c) ; and the bones of the foot with the cannon or tarso-metsr 
tarsal bone a fourth angle (d). In man three angles only are 
found, marked respectively a, b, and c (figs. 26 and 37, pp. 55 
and 59). The fourth angle (d of figs. 4 and 24) is absent. 
The absence of the fourth angle is due to the fact that in man 
the tarsal and metatarsal bones are shortened and crushed 
together ; whereas in the quadruped and bird they are elon- 
gated and separated. 

As the speed of a limb increases in proportion to the num- 
ber and acutcness of the angles formed by its several bones, it 
is not difficult to understand why man should not be so swift 
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as the majority of quadrupeds. The increase in the numher 
of angles increases the power which an animal has of shorten- 
ing and elongating its extremities, and the levers which the 
extremities form. To increase the length of a lever is to 
increase its power at one end, and the distance through which 
it moves at the other ; hence the faculty of boundinj^ or leap- 
ing possessed in such perfection by many quadrupeds.* If 
the wing be considered as a lever, a small degree of motion at 
its root produces an extensive sweep at its tip. It is thus 
that the wing is enabled to work up and utilize the tliin 
medium of the air as a buoying medium. 

Another drawback to great speed m man is his erect posi- 
tion. Part of the power which should move the limbs is 
dedicated to supporting the tmnk. For the same reason the 
bones of the legs, instead of being obliquely inclined to each 
other, as in the quadruped and bird, are arranged in a nearly 
vertical spiral line. This arrangement increases the angle 
formed by any two bones, and, as a consequence, decreases 
the speed of the limbs, as explained. A similar disposition of 
the hones is found in the anterior extremities of the elephant, 
where the superincumbent weight is great, and the speed, 
comparatively speaking, not remarkable. The bones of the 
human leg are beautifully adapted to sustain the weight of 
the body and neutralize shoek.^ Thus the femur or thigh 
bone is furnished at its upper extremity with a ball-and-socket 
joint which unites it to the cup-shaped depression (acetabu- 
lum) in the ilium (hip bone). It is supplied with a neck 
which carries the body or shaft of the bone in an oblique 
direction from the ilium, the shaft being arched forward and 
twisted upon itself to form an elongatei.1 cylindrical screw. 
The lower extremity of the femur is furnished with spiral 
articular surfaces accurately adapted to the upper extremities 
of the bones of the leg, viz. the tibia and fibula, and to the 
patella. The bones of the leg (tibia and fibula) are spirally 

' " The posterior extremities in lioth the lion anil tiger are longer, and the 
bones inclined more obliquely to each other than the anterior, giving thern 
greater power and elasticity in sprinpng." 

> "The pelviH receives the whole weiglit ot the trunk and superposed 
the heads of fJie foTDura. " 
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arraitged, tlic screw in tliis instance being split up. At the 
ankle the bones of the leg are applied to those of the foot by 
spiral articular surfaces analogous to those found at the knee- 
joint. The weight of the trunlt is tlms thrown on the foot, 
not in straight lines, but in a series of curvea. The foot 
itself is wonderfully adapted to receive the pressure from 
above. It consists of a series of smaU bones {the tai-sal, 
metatarsal, and phalangeal bones), arranged in the form of a 
double arch; the one arch extending from the heel towards 
the toes, the other arch across the foot. Tlie foot is so con- 
trived that it is at once firm, elastic, and moveable, — qualities 
which enable it to sustain pressure from above, and exert 
pressure from beneath. In walking, the heel first reaches 
and first leaves the ground. When the heel is elevated the 
weight of the body falls more and more on the centre of 
the foot and toes, the latter spreading out* as in birds, to 
seize the ground and lever the trunk forward. It is in this 
movement that the wonderful mechanism of the foot is dis- 
played to most advantage, the multiplicity of joints in the 
foot all yielding a iittle to confer that elasticity of step which 
is so agreeable to behold, and which is one of the character- 
istics of youth. The foot may be said to roil over the ground 
in a direction from behind forwards. I have stated that the 
angles formed by the bones of the human leg are larger than 
those formed by the bones of the leg of the quadruped and bird. 
This is especially true of the angle formed by the femur with 
the ilium, which, because of the upward direction given to the 
crest of the ilium in man, is so great that it virtually ceases 
to bo an angle. 

The hones of the superior extremities in man merit atten- 
tion from the fact that in walking and running they oscillate 
ill opposite directions, and alternate and keep time with the 
logs, which oscillate in a similar manner. The arms are arti- 
culated at the shoulderaby ball-and-socket joints to cup-shaped 
depressions (glenoid cavities) closely resembling those found at 
the hip-joints. The bone of the arm (humerus) is canied away 

' Tlie epreading nation of tlie toes is seen to pevfeution in children. It is 
mora or leas iliatroyotl in ailultE from a faulty pi-meiple in boot and alioemal;- 
iiig, ths soles being invariably too narrow. 
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from the shoulder by a short neck, aa in the thigh-bone (femur); 
Lilce the thigh-bone it is twisted upon itself and forms a screw. 
The inferior extremity of tlie arm bone is furnished with 
spiral articular surfaces resembling those found at the knee. 
The spiral articular surfaces of the arm bono are adapted to 
similar surfaces existing on the superior extremities of the 
bones of tlie forearm, to wit, the radius and ulna^ These 
bones, like the hones of the leg, are spirally disposed with 
reference to each other, and form a screw consisting of two 
parts. The bones of the forearm are united to those of 
the wrist (carpal) and hand (metacarpal and phalangeal) by 
articular surfaces displaying a greater or less degree of 
spiraiity. From this it follows that the superior extremities 
of man greatly resemble his inferior ones ; a fact of consider- 
able importance, as it accounts for the part taken by the 
superior extremities in locomotion. In man the arms do not 
touch the ground as in the brutes, but they do not on this 
account cease to be useful as instruments of progression. If 
a man walks with a stick in each hand the movements of his 
extremities exa^itly resemble those of a quadruped. 

The bones of the human extremities (superior and inferior) 
are seen to advantage in fig. 26 ; and I particularly direct 
the attention of the reader to' the ball-and-socket or universal 
joints by which the arms are articulated to the shoulders 
(x, x'), and the legs to the pelvis {a, a"), as a knowledge of 
these is necessary to a comprehension of the oscillating or 
pendulum movements of the limbs now to be described. The 
screw configuration of the limbs is well depicted in the left 
arm (a:) of the present figure. Compare with the wing of the 
bird, fig. 6, and with the anterior extremity of the elephant, 
fig. 7, p. 28. But for the ball-and-socket joints, and the 
spiral nature of the bones and articular surfaces of the extre- 
mities, the undulating, sinuous, and more or less continuous 
movements observable in walking and running, and the 
twisting, lashing, flail-like movements necessary to swimming 
and flying, would be impossible. 

The leg in the human subject moves by three joints, viz,, 
tlie hip, knee, and ankle joinfe. When standing in the erect 
position, the hip-joint only permits the limb to move foni'anls. 
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Hie knee-joint liackwards, and the ankle-joint neither back- 
wards nor fonvards. "When the body or limbs are inclined 
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The greatest angle made at tlie knee-joint is equal to the 
sums of the angles made by the hip and ankle joints when 
these joints are simultaneously flexed, and when the angle of 
inclination made by the foot with the ground equals 30°. 

From this it follows that the trunk maintains its erect 
position during the extension and flexion of the limbs. The 
step in walkii^ was divided by BoreDi into two periods, the 
one corresponding to the time when both limbs are on the 
ground ; the other when only one limb is on the ground. In 
running, there is a brief period when both limbs are off the 
ground. In walking, the body is alternately supported by 
the right and left legs, and advanced by a sinuous movement. 
Its forward motion is quickened when one leg is on the 
ground, and slowed when both are on the ground. When 
the limb (say the right leg) is flexed, elevated, and thrown 
forward, it returns if left to itself {i.e. if its movements are 
not interfered with by the voluntary muscles) to the position 
from which it was moved, viz. the vertical, unless the trunk 
bearing the limb is inclined in a forward direction at the 
same time. The limb return* to the vertical position, or 
position of rest, in virtue of the power exercised by gravity, 
and from its being hinged at the hip by a ball-and-socket 
joint, as explMned. In this respect the human limb when 
aUowed to oscillate exactly resembles a pendulum, — a fact first 
ascertained by the brothers Weber. The advantage accruing 
from this arrangement, as far as muscular energy is concerned, 
is very great, the muscles doing comparatively little work.^ 
In beginning to walk, the body and limb which is to take 
the first step are advanced together. When, however, the 
body is inclined forwards, a large proportion of the stop is 
performed mechanically by the tendency which the pendulum 
formed by the leg has to swing forward and regain a vertical 
position, — an effect produced by the operation of gravity alone. 
The leg which is advanced swings further forward than is 
required for the step, and requires to swing back a little 
before it can be deposited on the ground. The pendulum 

' The brothara Weber fonnd that bo long aa the muscles exert the general 
I'oroe necessKTy to eneculfl loeomotion, the velocity depends on the size lif the 
lugs ami on n.'iteriial foi-ces, bnt not on the stresgtji of the muscles. 
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rnoveraent effects all this mechanically. When the limb hiis 
swung forward aa far as the inclination of the body at the 
time will permit, it reverses pendulum fashion; the back 
stroke of the pendulum actually placing the foot upon the 
ground by a retrograde, descending movement. AVhen the 
right leg with wliich wo commenced Is extended and firmly 
l>laced upon the ground, and the trunk has assumed a nearly 
vertical position, the left leg is flexed, elevated, and the trunk 
once more bent forward. The forward inclination of the 
trunk necessitates the swinging forward of the left leg, which, 
when it has reached the point permitted by the pendulum 
movement, savings back again to the extent necessary to place 
it securely upon the ground. These movements are repeated 
at stated and regular intervals. The retrograde movement of 
the limb is best seen in slow walking. Jn fast walking the 
pendulum movement is somewhat interrupted from the limb 
being made to touch the ground when it attains a vertical 
position, and therefore before it has completed its oscillation.^ 
The swinging forward of the body may be said to inaugurate 
the movement of walking. The body is slightly bent and 
inclined forwards at the beginning of each step. It is 
straightened and raised towards the termination of that act. 
The movements of the body begin and terminate the steps, 
and in this manner regulate them. The trunk rises verticaUy 
at each step, the head describing a slight curve well seen in 
the walking of birds. The foot on the ground (say the right 
foot) elevates tlie trunk, particularly its right aide, and the 
weight of the trunk, particularly its left side, depresses the 
left or swinging foot, and assists in placing it on the ground. 
The trunk and limbs are active and passive by turns. In 
walking, a spiral wave of motion, most marked in an antero- 
posterior direction (although also appearing laterally), runs 
through the spine. This spiral spinal movement is observ- 
able in the locomotion of all vertebrates. It is favoured in 
man by the antero-posterior curves (cervical, dorsal, and lum- 
bar) existing in the human vertebral column. In the effort 
of walking the trunk and limbs oscillate on the ilio-femoral 

tie vertical whioli p.uta the liuiid of tlie femur." 
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articulations (hip-joints). The trunk also rotates in a forwarrl 
direction on the foot which ia placed upon the ground for tJio 
time being. The rotation begins at the heel and teiToinates 
at the toes. So long as the rotation continues, the body rises. 
When the rotation ceases and one foot is placed flat upon the 
ground, the body falls. The elevation and rotation of the 
body in a forward direction enables the foot which is off 
the ground for the time being to swing forward pendulum 
fashion ; the swinging foot, when it can oscillate no further 
in a forward direction, reversing its course and retrograd- 
ing to a slight extent, at which juncture it is deposited on 
the ground, as explained. The retrogression of the swinging 
foot is accompanied by a slight retrogression on the part of 
tlie body, which tends at this particular instant to regain a 
vertical position. From this it follows that in slow walking 
the trunk and the swinging toot advance together through a 
considerable space, and retire through a smaller space ; that 
when the body is swinging it rotates upon the ilio-femoral 
articulations (hip-joints) as an axis ; and that when the leg 
is not swinging, but fixed by its foot upon the ground, the 
trunk rotates upon the foot as an axis. These movements 
are correlated and complementary in their nature, and are 
calculated to relieve the muscles of the legs and trunk en- 
gaged in locomotion from excessive wear and tear. 

SimUar movements occur in the arms, which, as has been 
explained, are articulated to the shoulders by ball-and-socket 
joints (fig. 26, X x', p. 65). The right leg and left arm advance 
together to make one step, and so of Uie left leg and right 
arm. When the right leg advances the right arm retires, and 
vice versd. When the left leg advances the left arm retires, 
and the converse. There is therefore a complementary swing- 
ing of the limbs on each side of tJie body, the leg swinging 
always in an opposite direction to the arm on the same side. 
There is, moreover, a diagonal set of movements, also com- 
plementary in character : the right leg and left arm advancing 
liogether to form one step ; the left leg and right arm advanc- 
ing together to form the next. The diagonal movements 
beget a lateral twisting of the trunk and limbs ; the oscilla- 
tion of the trunk upon the limbs or feet, and the oscillation 
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of the feet and limbs upon the trunk, generate a forward 
wave movement, accompauied by a cei-tain amount of vertical 
undulation. The diagonal movements of the trunk and 
extremities are accompanied by a cerfadn degree of lateral 
curvature ; the right leg and left arm, when they advance to 
make a step, each describing a curve, the convexity of which 
is directed to the right and left respeotively. Similar curves 
are described by the left leg and right arm in making the 
second or complementaiy step. When the curves formed by 
the right and left legs or the right and left arms are joined, 
they form waved tracks symmetrically aiTanged on either 
side of a giveu hne. Tlie curves formed by the legs and 




t'1,1. 27 shows Uie BlmDltsMons posiUons of botli legs dnrlnir 
Into fcur gronpa. The first eroup 1-1), 4 to 1, gives the different posiSonB 
whivh the lege ^multimcuualy assume while both Ire on the ground ; the 
HiisJiid group (Sj, 8 to U. Bhowa the various porttlops of both less at the 

Bappr)rled one; the third group (6'>, 1! to :4, shows Uie poaltloss ivhteh 
Ulo legs asauioo wben the Bwlngkng leg oTertohoij tbe atoiiditig oi 
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the left leg and IDoi npon the trnnk (a) OS an aile. Compare wilb fig. 4, 
p. a ; witb Eg. M, p. if; and wltli Ig. 'M, p. ^— After Weber. 

aims intersect at every step, as shown at fig. 19, p. 31). 
Similar curves are formed by the quadruped wlicn walking 
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(fig. 18, p. 37), the fish when swimming (fig. 32, p. 68), and 
the bird when flying (figs, 73 and 81, pp. 144 and 157). 

The alternate rotation of the trunk upon the limb and the 
limb upon the trunk is well seen io fig. 27, p. 59. 

At A of fig. 27 the trunk (g) is observed rotating on the 
ioft foot (/). At D of fig. the left leg {A) is seen rotating on 
the trunk {a, t) : these, as explained, are complementary move- 
ments. At A of fig. the riglit foot (c) is finnly placed on the 
ground, the left foot {/) being in the act of leaving it The 
right side of the trunk is on a lower level than the left, which 
is being elevated, and in the act of rolling over the foot. At 
B of fig. the right foot (m) is still upon the ground, but the 
left foot having left it is in the act of swinging forward. At 
of fig. the heel of the right foot (») is raised from the 
ground, and the left foot is in the act of passing the right. 
The right side of the trunk is now being elevated. At D of 
fig. the heel of the right foot (o) is elevated as far as it can 
be, the toes of the left foot being depressed and ready to 
touch the ground. Tlie right side of the trunk has now 
reached it-s highest level, and is in the- act of rolling over the 
right foot The left side of the trunk, on the contrary, is 
subsiding, and the left leg is swinging before the right one, 
preparatory to being deposited on the ground. 

From the foregoing it will be evident that the trunk and 
limbs have pendulum movements which are natural and 
peculiar to them, the extent of which depends upon the 
length of the parts. A tall man and a short man can con- 
sequently never walk in step if both walk naturally and 
accoi-ding to inclination.^ 

In traversing a given distance iu a given time, a tall man 

' "Tlie number of steps which a person ountnke in a given tone in walking 
(iepeniia, Krat, on tlia length of the leg, which, governed by the laws ol the 
penilnluni, swings Aiim 1>ehinii forwnnls ; secondly, on the earlier or later in- 
temiption which the leg experiences iu its arc of oscillation by beii^ ploeerl 
on the ground. Tlie wetgitt of the swii^ng leg and the velocity of the trunk 
serve to give the irapulBB by which the foot attains a posiHon vertical to the 
head of the thigh-bone ; but as the latter; according to the laws of the pendu- 
lum, requires in the qnlckeat walking a given time to attain that position, 
or ia!/ its entire curve of oscillation, it follows that every person has a 
certain lueasuie for his steps, and a certain number of steps in a given 
tiuic. which, iu his natural gait iu walking, he-cannot exceed." 
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will take fewer steps than a short man, in the same way that 
a large wheel will make fewer revolutions in travelling over 
a given spa«e than a smaller one. The relation is a purely 
mechanical one. The nave of the laige wheel corresponds to 
the ilio-femoral articulation (hip-joint) of the tall man, tlie 
spokes to his legs, and portions of the rim to his feet. The 
nave, spokes, and rim of the small wheel have the same rela- 
tion to the ilio-femoral articulation (hip-joint), legs and feet 
of the small man. When a tall and short man walk together, 
if they keep step, and traverse the same distance in the same 
time, either the tall man must shorten and slow his steps, or 
the short man must lengthen and quicken his. 

The slouching walk of the shepherd is more natural than 
that of the trained soldier. It can be kept up longer, and 
admits of greater speed. In the natural walk, as seen in 
rustics, the complementary movements are all evoked. In the 
artificial walk of the trained army man, the complementary 
movements are to a great extent suppressed. Art is conse- 
quently not an improvement on nature in the matter of walk- 
ing. In walking, the centre of gravity is being constantly 
changed, — acircumstance due to the different attitudes assumed 
by the different portions of the trunk and limbs at different 
periods of time. All parts of the trunk and limbs of a biped, 
and the same may be said of a quadruped, move when a 
change of locality is effected. The trunk of the biped and 
quadruped when walking are therefore in a similar condition 
to that of the body of the fish when swimming. 

lu running, all the movements described are exaggerated. 
Thus the steps are more rapid and the strides greater. In 
walking, a well-proportioned six-feet man can nearly cover 
his own height in two steps. In running, he can cover with- 
out difficulty a third more. 

In fig. 28 (p. 62), an athlete is represented as bending 
forward prior to running. 

The left leg and trunk, it will be observed, are advanced 
beyond the vertical line (x), and the arma are tucked up like 
the rudimentary wings of the ostrich, to correct undue oscilla- 
tion at the shoulders, occasioned by the violent oscillation 
produced at the pelvis in the act of j'unning. 
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In order to enable the right leg to swing forward, it is 
evident that it must be flexed, and that the left leg must be 
extended, and the trunk raised. The raising of the trunk 
causes it to assume a more vertical position, and this prevents 
the swinging leg from going too far forwards ; the swinging 




of Uila Sigai 



leg tending to oscillate in a slightly backward direction as 
the trunk is elevated. The body is more inclined forwards 
in raiioing than in walking, and there is a period when both 
legs are off the ground, no such period occurring in walking. 
" In quick walking, the propelling leg acts more obliquely on 
the trunk, which Is more inclined, and forced forwards more 
rapidly than in slow walking. ITie time when both legs aro 
on the ground diminishes as the velocity increases, and it 
vanishes altogether when the velocity is at a maximum. In 
quick running the length of step rapidly increases, whilst the 
duration slowly diminishes ; but in slow running the length 
diminishes rapidly, whilst the time remains nearly the same. 
The time of a step in quick running, compared to that in 
quick walking, is nearly as two to three, whilst the length of 
the stops are as two to one ; consequently a person can run in 
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a given, time tliree times as fast as he can walk. In running, 
the object is to acquire a greater velocity in progression tlian 
can be attained in walking. In order to accomplish this, 
instead of the body being supported on each leg alternately, 
the action is divided into two periods, during one of which 
the body is supported on one leg, and during the other it is 
not supported at all. 

The velocity in running is usually at the rate of about ten 
miles an hour, but there are many persons who, for a limited 
period, can exceed this velocity." ^ 

JCjc. of A-i;it. imdPIiy.,aiUdo " 31 u lion." 
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If Tve direct our attention to the water, we encounter a 
roediutu less dense than the earth, and considerably more 
dense than the air. As this element, in virtue of its fluidity, 
yields readily to external pressure, it follows that a certain 
relation exists between it and the shape, size, and weight of 
the animal progressing along or through it. Those animals 
make the greatest headway which are of the same specific 
gravity, or are a little heavier, and furnished with extensive 
surfaces, which, by a dexterous tilting or twisting (for the one 
implies the other), or by a sudden contraction and expansion, 
they apply wholly or in part to obtain the maximum of re- 
sistance in the one direction, and the minimum of displace- 
ment in the other. The change of sitape, and the peculiar 
movements of the swimming surfaces, are rendered necessary 
by the fact, first pointed out by Sir Isaac Newton, that bodies 
or animals moving in water and likewise in air experience a 
sensible resistance, which is greater or less in proportion to 
the density and tenacity of the iluid and the figure, superficies, 
and velocity of the animal. 

To obtain the degree of resistance and non-resistance neees- 
sary for progression in water, Nature, never at fault, has 
devised some highly ingenious expedients,-^the Syringograde 
animals advancing by alternately sucking up and ejecting the 
water in which they are immersed — the Mednsse by a rhyth- 
mical contraction and dilatation of their mushroom-shaped 
disk — the Eotifera or wheel -animalcules by a vibratile action 
of their cHia, which, according to the late Professor Quekett, 
tirist upon their pedicles so as alternately to increase and 
diminish the extent of surface presented to the water, as 
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s ill the feathering of an oar. A very similar plan is 
adopted by the Pteropoda, found in countless multitudes in 
the northern seas, which, according to Eschricht, use the 
wing-like structures situated near the head after the manner 
of a double paddle, resembling in its general features that at 
present in use among the Greenlanders. The characteristic 
moveraeut, however, and that adopted in by far the gi'eater 
number of instances, is that commonly seen in the iish (figs. 







tiie vertobr^ coloDui, Dud ^e^dlltiea alforded for Mersl^iBotloii, partinu- 
IsilyiatheteUWOi tlorBal(e,/),TentiBl O^e), Ktja peetoral (a), flas, wLich 
aro primduBlly ffiigaied. in smiDmrnB. ITie extent of tlie traveUing anr- 
tacearBanireaforwarec greatly aicena those required for land. ConiparsthB 
tall and fins of the present flgure Willi tbe feet of the ox, fig. IB, p. B7.— 




Fin. SO.-Tho Salmnn<S(i(™Hi(ar) swlnimtng leisui'els. ThetKidv, It will be 

towards the tail. Tlie Kliapo of the salmon is admirably adapted for cleav- 
ing the watfiT,— OHgiiiol. 

This, my readers are aware, consists of a lashing, curvi- 
linear,or flail-lite movement of the broadly expanded tail, which 
s from side to side of the body, in some instances with 
e speed and power The muscles in tbe fish, as has 
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been explaineiil, are for this purpose arranged along the spinal 
eolumn, and constitute the bulk of the animal, it being a law 
that when the extremities are wanting, as in the water-snake, 
or rudimentary, as in the fish, lepidosiren,^ proteus, and 
axolotl, the muscles of the trunk are largely developed. In 
such cases the onna of locomotion falls chiefly, if not entirely, 
upon the tail and lower portion of the body. The operation 
of this law is well seea in the metamorphosis of the tad- 
pole, the muscles of the trunk and tail becoming modified, 
and the tail itself disappearing as the limbs of tJie perfect 
frog are developed. The same law prevails in certain instances 
where the anterior extremities are comparatively perfect, 
but too small for swimming purposes, as in the whale, 
porpoise, dugong, and manatee, and where both anterior 
and posterior extremities are present but dwarfed, as in the 
crocodile, triton, and salamander. The whale, porpoise, 
dugong, and manatee employ their anterior extremities in 
balancing and turning, the great organ of locomotion being 
the bul. The same may be said of the crocodile, triton, and 
salamander, all of which use their extremities in quite a sub- 
ordinate capacity as compared with the tail. The peculiar 
movements of the trunk and tail evoked in swimming are 
seen to most advantage in the Jish, and may now be briefly 
described. 

Swimming of the Fish, JVTiale, Porpoise, etc. — ^According to 
Borelli,^ and ^1 who have written since his time, the fish in 
swimming causes ita tail to vibrate on either side of a given 
line, very much as a rudder may be made to oscillate by 
moving its tiller. The line referred to corresponds to the 
axis of the fish when it is at rest and when its body is straight, 
and to the path pursued by the fish when it is swimming. 
It consequently represents the axis of the fish and the axis of 

' Tha ttjndoHren is fanashed viVh tivo tapeiing flexilile stem-like liodies, 
Which depend trora the anterior ventral aspect of the animal, the eiren havii^ 
in the same region two pairs of mdimentary limbs, furnished with four impor. 
feet toe?, while the proieas has anterior extremities aimed with three toes 
each, and a very feeble posterior estremity terminating in two, toes. 

' Biralli, " Do motu Animalium," plate 4, fig. B sm, ito, 2 sols. E<im«, 

irso. 
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motion. According to this theory the tail, when flexed or 
curved to make what is termed the back or noa-efi'ective 
stroke, is forced away from the imaginary line, its curt'od, 
concave, or biting surface being directed outwards. When, 
on the other hand, tlie tail is extended to make what is termed 
the effective or forward stroke, it is urged towards the ima- 
^nary line, its convex or nou-bitiny surface being directed 
inwards (" 




When the tail strilces iu the direction a i, the head of the 
fish is said to travel in the direction c h. When tlie taO 
strikes in the direction ff e, the head is said to travel in the 
direction cb; these movements, when the bul is urged with 
sufficient velocity, causing the body of the fish to move in 
the' lino d c f. The explanation is apparently a satisfactory 
one ; but a careful analysis of the swimming of the living fiah 
induces me to believe it is incorrect. According to this, the 
commonly received view, the tail would experience a greater 
degree of resistance during the back stroke, i.e^ when it is 
flexed and carried away from the axis of motion (d cf) than 
it would during the forward stroke, or when it is extended 
and carried towards the axis of motion. This follows, because 
the concave surface of the tail is applied to the water during 
what is termed the back or non-effective stroke, and the con- 
vex surfe«e during what is termed the forward or effective 
stroke. This is just the opposite of what actually happens, 
and led Sir John Lubbock to declare that there was a period 
in which the action of the tail dragged the fish backwards, 
which, of course, is erroneous. There is this further difficulty. 
Wlien the tail of the fish is urged in the direction g e, the 
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head does not move in the direction c 6 as stated, but in the 
direction c k, the body of the fish describing tiie arc of a 
circlej a c h. This is it matter of observation. If a fish when 
resting suddenly forces its tail to one side and curves its 
body, the fish describes a curve in the water corresponding 
to that described by the body. If the concavity of the 
curve formed by the body is directed to the right side, 
the fish swims in a curve towards that side. To this there 
is no exception, as any one may readily satisfy himself, by 
watching the movements of gold fish in a vase. Observation 
and experiment Lave convinced me that when a fish swims it 
never throws its body into a single curve, as represented at 
fig. 31 , p. 67, but always into a double or figure-of-8 curve, as 
shown at fig. 32.' 



The double curve is necessary to enable the fish to present 
a convex or non-biting surface (c) to the water during flexion 
(the back strote of authors), when the tail is being forced 
away from the axis of motion (a b), and a concave or biting 
surface (s) during extension {the forward or effective stroke of 
authors), when the tail is being forced with increased energy 
towards the axis of motion (a b) ; the resistance occasioned by 
a concave surface, when compared with a convex one, being in 
the ratio of two to one. The double or complementary curve 
into which the fish forces its body when swimming, is neces- 
sary to cori'ect the tendency which the head of the fish has 
to move in the same direction, or to the same side as that 

' It is only wlitn a fish is turning that it forces its tody into a single curve. 



I, Google 



PUOGKESSION ON AND IN THE WATER. 69 

towards which the tail curves, In swiniming, the body of 
the fish describes a, waved track, but this can only be done 
when the head and tail travel in opposite directions, and on 
opposite sides of a given line, as represented at iig. 32. 
Tlie anterior and posterior portions of the fish alternately 
occupy the positions indicated at, dc and w v; the fish oscil- 
lating on either side of a given line, and gliding along by a 
sinuoua or wave movement. 

I have represented the body of the fish as forced into two 
curves when swimming, as there are never less than two. 
These I designate the cephalic (d) and caudal (c) curves, from 
their respective positions. In the long-bodied fishes, such as the 
eels, the number of the curves is increased, but in every case 
the curves occur in pjurs, and are complementary. The cephalic 
and caudal curves not only complement each oiJier, but they act 
as fulcra for each other, the cephalic curve, with the water seized 
by it, forming thepoint d'apput for the caudal one, and nice mr/d. 
The fisji in swimming lashes Its tail from side to side, precisely 
as an oar is lashed from side to side in sculling. It therefore 
describes a figure-of-S traek in the water {efghijhl of 
fig. 32). During each sweep or lateral movement the tail is 
both extended and flexed. It is extended and its curve 
reduced when it approaches the line a S of fig. 32, and flexed, 
and a new curve formed, when it recedes from the line in 
question. The tail is effective as a propeller both during 
flexion and extension, so that, strictly speaking, the tail has 
no back or non-effective stroke. The terms effective au<l 
non-effective employed by authors are applicable only in a 
comparative and restricted sense ; the tail always operating, 
but being a less effective propeller, when in the act of being 
flexed or curi'ed, than when in the act of being extended or 
gtraightened. By always directing the concavity of the tail 
(^ and fi towards the axis of motion {a h) during extension, 
and its convexity (c and v) away from the axis of motion (o V) 
during flexion, the fish exerts a maximum of propelling power 
with a minimum of slip. In extension of the tail the caudal 
curve (s) is reduced as the tail travels iowwi-ds the line a h. 
Ill flexion a new curve {v) is formed as the tail travels from 
the line a b. While the tail travels from s in the direction (, 
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the hca4 tiavels from d m the direction w Theie is there- 
fore a penod, inomentarj it muit bs, when both the cephalic 
and cmdal cunes are reducal, and the hodj of the fish is 
straight, and fiee to adi<4nie without impediment The 
difft-rent degrees of lesistance expenenced by the tail m de- 
scnbmg il« fignre-of 8 movements, are represented hy the 
different sized curres ef, (/ h, ij, •va.A A / of fig 33, p 68 The 
curves e/ indicate the resistance expenenced by the tail 
during flexion, when it is being carried away from and to the 
right of the line a k The curves g h indicate the resistance 
experienced by the tail when it is extended and carried towards 
tlie line a h. This constitutes a half vibration or oscillation of 
the taih The curves i j indicate the resistance experienced 
by the tail when it is a second time flexed and carried away 
from and to the left of the line a b. The curves & I indicate 
the resistance experienced by the tail when it is a second 
time extended and carried towards the line a h. This consti- 
tutes a complete vibration. These movements are repeated 
in rapid succession so long as the fish continues to swim 
forwards. They are only varied when the fish wishes to turn 
round, in which case the tail gives single strokes either to 
the right or left, according as it wishes to go to the right or 
left side respectively. The resistance experienced by the tail 
when in the positions indicated by e/and ij is diminished 
by the tail being slightly compressed, by its being moved 
more slowly, and by the fish rotating on its long axis so as 
to present the tail obliquely to the water. The resistance 
experienced by the tail when in the positions indicated by 
gli, kl, is increased by the tail being divaricated, by its being 
moved with increased energy, and by the fish re-rotating on 
its long axis, so as to present the flat of the tail to the water. 
The movements of the tail are slowed when the tail is carried 
away from the line a b, and quickened when the tail is forced 
towards it. Nor is tliis all When the tail is moved slowly 
away from the line a b, it draws a current after it which, 
being met by the tail when it is urged with increased velocity 
towards the line a b, enormously increases the hold which the 
tail takes of the water, and consequently its propelling power. 
The tail may be said to work without slip, and to produce 
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the precise kind of cwrrenta which afford it the greatest 
leverage. In thia jrespcct the tail of the fish is infinitely 
superior as a propelling organ to any form of screw yet de- 
vised. The screw at present employed in navigation ceases to 
be effective when propelled beyond a given speed. The 
screw formed by the tail of the fisli, in virtue of its recipro- 
cating action, and the manner in which it alternately eludes 
and seizes the water, becomes more effective in proportion to 
the rapidity with which it is made to vibrate. The remarks 
now made of the tail and the water are equally apropos of the 
wing and the air. The tail and the wing act on a common 
principle. A certain analogy may therefore he traced be- 
tween the water and air as media, and between the tail and 
extremities as instruments of locomotion. From this it fol- 
lows that the water and air are acted npon by curves or Wave- 
pressure emanating in the one instance from the tail of the 
lish, and in the other from the wing of the bird, the recipro- 
cating and opposite curves into wliich the tail and wing are 
thrown in swimming and flying constituting mMk helices 
or screws, which, during their action, produce the .precise 
kind and degree of pressure adapted to fluid media, and 
to which they respond with the greatest readiness. The 
whole body of tlie fish is tlirown into action in swimming; 
but as the taU and lower half of the trunk are more free to 
move than the head and upper half, wliich are more rigid, 
and because the tendons of many of the trunk-muscles are 
inserted into the taO, the oscillation is greatest in the direction 
of the latter. The muscular movements travel in spiral waves 
from before backwards; and the waves of force react upon the 
water, and cause the fish to glide forwards in a series of curves. 
Since the head and tail, as has been stated, always travel in 
opposite diirections, and the fish is constantly alternating or 
changing sides, it in reality describes a waved track. These 
remarks may be readily verified by a reference to the swim- 
ming of the sturgeon, whose movements are unusually deli- 
berate and slow. The number of curves into which the body 
of the fish is thrown in swimming is increased in the long- 
bodied fishes, as the eels, and decreased in those whose bodies 
are short or are comparatively devoid of flexibiUty. In pro- 
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portion as the curves into wliich the body is thrown in swim- 
ming are diminished, the degree of rotafcipn at tlie tail or in 
tlie fins is augmented, some fishes, as the mackerel, using the 
tail very much after the manner of a screw in a steam-ship. 
The fish may thus be said to drill the water in two directions, 
viz. from behind forwards by a twisting or screwing of the 
body on its long axis, and from side to side by causing its 
anterior and posterior portions to assume opposite curves. 
The pectoral and other fins are also thrown into curves when 
in action, the movement, as in the body itself, travelling in 
spiral waves ; and it is worthy of remark that the wing of 
the insect, bat, and bird obeys similar impulses, the pinion, as 
I shall show presently, being essentially a spiral oi^an. 

The twisting of the pectoral fins is well seen in the com- 
mon perch {Percajlimatilis), and still better in the 15-spined 
Stickleback (Qasterosteas spinoms), which latter frequently 
piogresses by their aid alone.^ In the stickleback, the pec- 
toral fins are so delicate, and are plied with such vigour, that 
the eye is apt to overlook them, particularly when in motion. 
The action of the fins can be reversed at pleasure, so that it 
is by no means an unusual thing to see the stickleback pro- 
gressing tail first. The fins are rotated or twisted, and their 
free margins lashed about by spiral movements which closely 
resemble those by which the wings of insects are propelled.^ 
The rotating of the fish upon its long axis is seen to advan- 
tage in the shark and sturgeon, the former of which requires 
to turn on its aide before it can seize its prey, — and likewise 

1 The Syngnathi, or Pipefishes, swim ehiafly by the midiilutiiig movement 
of the dorsal fin. 

* If the pectoral fins are to be regarded as the homolt^iea of the anterior 
eitremilJea (which tliej unquestionably are), it is not surprising thst in them 
the spirsl rotatory movements which are traceable in the eitremities of 
quttdrupede, and so fully developed in the wings of bats ontt binla, should 
he clearly foreshadowed. " Tlie muscles of the pectoral fins," remarks Pro- 
fessor Owen, " though, when compared with those of the homologous msm- 
hers in b%her vertebrates, they are very small, few, and simple, yet sufiice 
for all tlie requisite movements of the fins — elevatii^, depressing, advaneing, 
and again laying them prone ojid flat, by an oblique stroke, upon the ades of 
the body. The rays or digits of both pectorals and ventrals (the homologues 
of the posterior extremitiua) can he divaricated and approiimated, and the 
intervening webs spreiid out or folded up." — Op. eit. vol. i. p. 262. 
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in the pipefish, whose motions are unwontedly ehiggish. 
The twisting of the tail is occasionally well marlied in tlie 
swimming of the salamander. In those remarkable mammals, 
the wliale,^ porpoise, manatee, and dugong (figs. 33, 34, and 
35), the movements are strictly analogous to those of the iisli, 




the only difference being that the tail acta from above down- 
wards or vertically, instead of from side to side or laterally. 
The anterior extremities, which in those animals are com- 
paratively perfect, are rotated on their long axes, and applied 
obliquely and non-obliquely to the water, to assist in balanc- 
ing and turning Natation is performed almost exclusively by 
the tail and lower half of the trunk, the tail of the whale 
exerting prodigious power 

It is otherwise with the Rays vihevo the hands are princi- 

■t th.' C'etnc^.iiH," 1>3 Dv. Mniia, 
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pally concerned in progression, these flapping about in the 
watei \ery much as the wmg^ of a bird flip about m the ait 
In the b«ner, the tail is flittenBd fiom abo\e downwards, a& 
in the foregoing mjmm iK but in hwimming it is madi:' to 




MDbls those toui 
labalanolnganaturalnSiHia-tiin Ijeingth 

<ioiu The Tertobm] culionn elrmely itsav 

' il to 1)0 loAhed freely about in a vertical dlrficUon. Com 



—(After 



»3.) 



act upon the water laterally as in the fish. The tail of the 
bird, -which is also compressed from above downwards, can 
be twisted obliquely, and when in tliis position may be made 
to perform the office of a rudder. 

Swimming of the Seal, Sea^Bear, ami Walrm. — In the seal, 
the anterior and postetior extremities are more perfect than 
in the whale, porpoise, dugong, and manatee; the general 




Fk:. sa-Tlieaeal(PSMo 
n^ S3 and 34, p. k^—OHglnal. 

form, however, and mode of progression (if the fact of lU 
occasionally swimming on its back be taken into account), is 
essentially fish-like. 
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A peculiarity is met witli in the swimming of the seal, to 
which I think it proper to direct attention. When the lower 
portion of the body and piosterior extremities of these creatures 
are flexed and tilted, as happens during the back ami least 
effective stroke, the naturally expanded feet are more or less 
completely closed or pressed together, in order to diminish 
the eirtent of surface presented to the water, and, as a con- 
sequence, to reduce the resistance piwluced. The feet are 
opened to the utmost during extension, when the more efl'ec- 
tive stroke is given, in which case they present their masimum 
of surface. They form powerful propellers, both during 
flexion and extension. 

The swimming apparatus of the seal is therefore more 
highly difl'erentiated than tliat of the whale, porpoise, dugong, 
and manatee ; the natatory tail in these animals being, from 
its peculiar structure, incapable of lateral compression.' It 
would appear that the Bivimming appliances of the seals (where 
the feet open and close as in swimming-birds) are to those of 
the sear-mammals generally, what the featliers of the bird's 
wing (these also open and close in flight) are to the continuous 
membrane forming the wing of the insect and bat. 

The anterior extremities or flippers of the seal are not 
engird in swimming, but only in balancing and in changing 
position. When so employed the fore feet open and close, 
though not to the same extent as the hind ones ; tlie resist- 
ance and non-resistance necessary being secured by a partial 
rotation and tilting of the flippers. By this twisting and 
untwisting, the narrow edges and broader portions of the 
flippers are applied to the water alternately. The rotating 
and tilting of the anterior and posterior extremities, and the 
opening and closing of the hands and feet in the balancing 
and swimming of the seal, form a series of strictly progressive 
and very graceful movements. They are, however, performed 
.so rapidly, and glide into each other so perfectly, as to render 
an analysis of them exceedingly difficult. 

' 111 a few instances the onuiiftl fin of the fitih, us hns been alrcncly stated, 
is more or less presseil togpther diiviiig the haul; atiokp, ths compression and 
tilting or twisting ot tlie t^il taking rUu:e Eyiiohraiioiisly. 
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In the Sea-Bear (Olaria jubala) the anterior extremities 
attain sufficient magnitude and power to enable the animal to 
progress by their aid alone; the feet and the lower portions of 
the body being moved only sufficiently to mEuntain, correct, or 
alter the course pursued (fig, 7 3), The anterior extremities are 
flattened out, and greatly resemble wings, particularly those of 
the penguin and auk, which are rudimentary in character. 
Thus they have a thick and comparatively stiff anterior 
maj^in ; and a thin, flexible, and more or less elastic posterior 
mai^n. They are screw structures, and when elevated and 
depressed in the water, twist and untwist, screw-fashion, 
precisely a-s wings do, or the tails of the fish, whale, dugong, 
and manatee. 




iiioru \uiiei.— Original. 

This remarkable creature, which I have repeatedly watched 
at the Zoological Gardens^ (Loudon), appears to fly in the 
water, the universal joints by which the arms are attached to 
the shoulders enabling it, by partially rotating and twisting 

' Tlie unueasl opportmiities afforded liy this nnrivalled collection hnv( 
cnibled me to datermine with oondderable accuracy the movementB of thi 
varioua Iflnd-aDimala, as well us the motions of the wiEgs and feet of birds 
both in and out of the water. I have alao studied under the most favour 
ftble oireumstiinoeB the movements of the otter, Gca-bear, seal, walrus, porpoisie 
turtle, triton, crocodile, frog, lepiibsi}',:ii, prutcus, ajrilotl, and the scveia 
orders of fishes. 
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them, to present the palma or flat of the hands to the water 
the one instant, and the edge or narrow parts tlie next. In 
swimming, the anterior or tliick margins of the flippers are 
directed downwards, and similar remarks are to be made of the 
anterior extremities of the walrus, great auk, and turtle,* 

The flippers are advanced alternately; and the twisting, 
screw-like movement which they exhibit in action, and which 
I have carefully noted on several occasions, bears considerable 
resemblance to the motions wituessed in the pectoral fins of 
fishes. It may be remarked that the twisting or spiral move- 
ments of the anterior extremities are calculated to utilize the 
water to the utmost — the gradual but rapid operation of the 
helix enabling the animal to lay hold of the water and dis- 
entangle itself with astonishing facility, and with the mini- 
mum expenditure of power. In fact, tiie insinuating motion 
of the screw is the only one which can contend successfully 
with the liquid element; and it appears to me that this 
remark holds even more true of the air. It also applies 
within certain limits, as has been explained, to the land. 
The otaria or sea-bear swims, or rather flies, .under the water 
with remarkable address and with apparently equal ease in 
an upward, downward, and horizontal direction, by muscular 
efforts alone — an observation which may likewise be made 
regarding a great number of fishes, since the swimming- 
bladder or float is in many entirely absent.^ Compare with 
flgs; 33, 34, 35, and 36, pp. 73 and 74. The walrus, a living 
specimen of which I had an opportunity of frequently examin- 
ing, is nearly allied to the seal and sea-bear, but differs irora 
boli as regards its manner of swimming. The natation of this 
rare and singularly interesting animal, as I have taken great 
pains to satisiy myself, is effected by a mixed movement — the 
anterior and posterior extremities participating in nearly an 
etjual degree. The anterior extremities or flippers of the 
walrus, morphologically resemble those of the seal, but physio- 
logically those of the sea-bear ; while the posterior extremities 

' This is the reverse of nhat takes place in flying, t!io anteiiot ov tliicl: 
margins of tlie wings heiag invarialily directed iqncartls. 

' The air-lilaililer is wanting in ti.e (krmo|.lBri, plagiostoiiii, ami pleuvoiii^u- 
tidie.—Oweu, op. cit. p. 255. 
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possess many of the peculiarities of the hind legs of tlie sea- 
bear, but display the movementa peculiar to those of the seal. 
In other words, the anterior extremities or flippers of the 
walrus are moved alternately, and reciprocate, as in the sea- 
bear ; whereas the posterior extremities are lashed from side 
to side by a twisting, curvilinear motion, precisely as in the 
seaL TJie walrus may therefore, as far as the physiology of 
its extremities is concerned, very properly be regarded as 
holding an intermediate position between the seals on the 
one hand, and the sea-bears or sea-lions on the other. 

Swimming of Man. — -The swimming of man is artificial in 
its nature, and consequently does not, strictly speaking, fall 
within the scope of the present work. I refer to it princi- 
pally with a view to showing that it resembles in its general 
features the swimming of animals. 

The human body Js lighter than the water, a fact of con- 
siderable practical importance, as showing that each has in 
himself that which will prevent his being drowned, if he will 
only breathe naturally, and desist from straggling. 

The catastrojJie of drowning is usually referrible to nervous 
agitation, and to spasmodic and ill-directed efforts in the 
extremities. All swimmers have a vivid recollection of the 
great difficulty experienced in keeping themselves afloat, when 
they first resorted to aquatic exercises^and amusements. In 
especial they remember the short, vigorous, but flurried, mis- 
directed, and consequently futile strokes which, instead of 
enabling them to skim the surface, conducted them inevitably 
to the bottom. Indelibly impressed too are the ineffectual 
attempts at respiration, the gasping ajid puffing and the swal- 
lowing of water, inadvertently gulped instead of air. 

In order to swim well, the operator must be perfectly calm. 
He must, moreover, know how to apply his extremities to the 
water with a view to propulsion. As already stated, the body 
will float if left to itaelf ; the support obtained is, however, 
greatly increased by projecting it along the surface of the 
water. This, as all swimmers are aware, may be proved by 
experiment. It is the same principle which prevents a thin 
flat stone from sinking when projected with force against the 
siu'face of water. A precisely similar result is obtained if the 
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body be placed slantingly in & strong cnirent, and the hands 
made to grasp a stone or branch. In this case the body is 
raised to the surface of the stream by the action of the run- 
ning water, the body remaining motionless. The quantity of 
water which, under the circumstances, impinges against the 
body in a given time is much greater than if the body was 
simply immersed in still water. To increase the area of sup- 
port, either the supporting medium or the body supported 
must move. The body is supported in water very much as 
the kite is supported in air. In both cases the body and the 
kite are made to strike the water and the air at a slight 
upward angle. When the extremities are made to move in 
a horizontal or slightly downward direction, they at once 
propel and support the body. When, however, they are made 
to act in an upward direction, as in diving, they submerge 
the body. This shows that the movements of the swimming 
surfaces may, according to their direction, either augment or 
destroy bnoyancy. The swimming surfaces enable the seal, 
seorbear, otter, ornithorhynchus, bird, etc., to disappear from 
and regain the surface of the water. Similar remarks may 
be made of the whale, dugong, manatee, and fish. 

Man, in order to swim, must learn the art of swimming. 
He mnst serve a longer or shorter apprenticeship to a new 
form of locomotion, qid acquire a new order of movements. 
It is otherwise with the majority of animals. Almost ail 
quadrupeds can swim the first time they are immersed, 
as may readily be ascertained by throwing a newly bom 
kitten or puppy into the water. The same may be said of 
the greater number of birds. This is accounted for by the fact 
that quadrupeds and birds are lighter, bulk for bulk, than 
water, but more especially, because in walking and running 
the movements made by their extremities are precisely those 
required in swimming. They have nothing to learn, as it 
were. They are buoyant naturally, and if they move their 
limbs at all, which they do instinctively, they swim of neces- 
sity. It is different with man. The movements made by 
him in walking and running are not those made by him in 
swimming ; neither is the position resorted to in swimming 
that which characterizes him on land. The vertical position 
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is not adapted for water, and, as a conseciuence, he reqiiirfis 
to abandon it and assume a horizontal one ; he requires, in 
feet, to throw himself flat upon the water, either upon his 
side, or upon his dorsal or ventral aspect. Thia position 
assimilates him to the quadruped and bird, the lish, and 
everything that swims ; the trunks of all swimming animals 
being placed in a prone position. Whenever the homontnl 
position is assumed, the swimmer can a<lvance in any direc- 
tion he pleases. His extremities are quite free, and only 
require to be moved in definite directions to produce definite 
results. The body can be propelled by the two arms, or the 
two legs ; or by the right arm and leg, or the left arm and 
leg; or by the right arm and left leg, or the left arm and 
right leg. Most progress is made when the two arms and 
the two legs are employed. An expert swimmer can do 
whatever he chooses in water. Thus he can throw himself 
upon his back, and by extending his arms obliquely above his 
head until they are in the same plane with his body, can 
float without any exertion whatever; or, maintaining the 
floating position, he can fold his arms upon his chest and by 
alternately flexing and extending his lower extremities, can 
propel himself with ease and at considerable speed ; or, keeping 
his legs in the extended position and motionless, he can pro- 
pel himself by keeping his arms close to his body, and causing 
his bands to work like sculls, so as to make figure-of-8 loops 
in the water. This motion greatly resembles that made by 
the swimming wings of the penguin. It is most effective 
when the hands are turned slightly upwards, and a greater or 
less backward thrust given ca«h time the hands reciprocatt 
The progress made at first is slow, but latterly very rapid, 
the rapidity increasing according to the momentum acquired. 
The swimmer, in addition to the foregoing methods, can 
throw himself upon his face, and by alternately flexing and ex- 
tending his arms and legs, can float and propel himself for Ion; 
periods with perfect safety and with comparatively little exei 
tion. He can also assume the vertical position, and by remain 
ing perfectly motionless, or by treading the water with his 
feet, can prevent himself from sinking ; nay more, he can turn 
a somersaidt in the water either in a forward or backward 
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direction. The position most commonly assumed in swim- 
ming is the prone one, where the ventral surface of the body 
is directed towards the water. In this case the anterior and 
posterior extremiciea are simultaneously flexed and drawn 
towards the body slowly, after which they are simultaneously 
and rapidly extended. The swimming of the frog conveys an 
idea of the movement.^ In ordinary swimming, when the 
anterior and posteiior extremities are simultaneously flexed, 
and afterwards simultaneously extended, the hands and feet 
describe four ellipses ; an arrangement which, as explained, 
increases the area of support furnished by tlie moving parts. 
The ellipses are shown at fig. 38 ; the continuous lines repre- 
senting extension, the dotted lines flexioiL 




A\ 



Thus when the arms and legs are pushed away from the 
body, the arms describe the inner sides of the ellipses (fig. 
38, a a), the legs describing the outer sides (c c). When the 
arms and legs are drawn towards the body, the arms describe 
tJie outer sides of the ellipses (i h), the legs describing the 
iimer sides {d d). As the body advances, the ellipses are opened 
out and loops formed, as at ee, ff of fig. 39. If the speed 
attained is sufficiently high, the loops are converted into 

' The frog in BwiniminR iBisnrely ftflqnentlj cansfls its extreniitiBa to move 
diagonally and iilt«rnately. When, however, pnrsueil and alarmed, it folds 
its tore legs, and causes its hind ones to move Rimnltaneously and with great 
vigour liy a seiies of sudden jerks, siroilav to tlioso niaJe by man wlicn 
swimming on hia back. 
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waved lines, as in walking and flying. — {Fide gg,hh of fig. 
■10, p. 8 1 , and compare with fig. 18, p. 37, and figs. 71 and 73, 
p. 144.) The swimming of man, like the walking, swimming, 
and flying of animals, is eff'ected by alternately flexing and 
extending the limbs, as shown more particularly at fig. 41, 
A, B, C. 




By alternately flexing and extending the limbs, the a 
made by their several parts with each other are decreased 
and increased, — an arrangement which diminishes and aug- 
ments the degree of resistance experienced by the sivimming 
surfaces, which by this means are made to elude and seize 
the water by turns. Tliis result is further secured by the 
limbs being made to move more slowly in flexion than in 
extension, and by the limbs being made to rotate in the 
direction of their length in such a manner as to diminish the 
resistance experienced during the former movement, and 
increase it during the latter. When the arms are extended, 
the palms of the hands and the inner surfaces of the arms 
are directed downwards, and assist in buoying up the 
anterior portion of the body. The hands are screwed 
slightly round towards the end of extension, the palms acting 
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in an outward and backward direction (fig. 41, B). In this 
movement the posterior surfaces of the arms take part ; the 
palms and posterior portiona of the arms contrihuting to the 
propulsion of the body. When the arms are flexed, the flat 
of tlie hands is directed downwards (fig. 41, G). Towards 
the end of flexion the hands are slightly depressed, wliich has 
the effect of forcing the body upwards, and hence the bobbing 
or vertical wave-movement observed in the majority of swim- 

During flexion the posterior surfaces of the arms act 
powerfully as propellers, from the fact of their striking tiio 
water obliquely in a backward direction. I avoid tlie terms 
hack and forward strokes, because the arms and hands, so long 
as they move, support and propel. There is no period either 
in extension or flexion in which they are not effective. 
"When the legs are pushed away from the body, or extended 
(a movement which is effected rapidly and with grea.t energy, 
as shown at fig. 41, S), the soles of the feet, the anterior sur- 
faces of the legs, and the posterior surfaces of the thighs, are 
directed outwards and backwards. This enables them to 
seize the water with great avidity, and to propel tlie body 
forward. The efficiency of the legs and feet as propelling 
organs during extension is increased by their becoming more 
or less straight, and by. their being moved with greater 
rapidity than in flexion ; there being a general back-thrust of 
the limbs as a whole, and a particular back-thrust of their 
several parts.^ In this movement the inner surfaces of the 
legs and thighs act as sustaining organs and assist in floating 
the posterior part of the body. The slightly inclined position 
of the body in the water, and the forward motion acquired in 
swimming, contribute to this result. When the legs and feet 
are drawn towards the body or flexed, as seen at fig. 41, G, A, 

' The professional swimmer afoids bobbing, and reeta the side of his heiid 
on the water to diminish ita we^ht and increase sjieed. 

' The greater power possessed by the limbs during eitenaion, and more 
especially towards the end of extension, Is well illustrated by the kicli of 
tlic liorse ; the hind feet dealing a terrible blow when they have reached their 
maximnm distance from the body. Ostlers are well nwEire of this fact, and 

be does throw up they are forced back but not injured. 
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their movements are slowed, an arrangement which reduces 
the degree of friction experienced by the several parts of the 
limbs when they are, as it were, being drawn off the water 
preparatory to a second extension. 

There are several grave objections to the ordinary or old 
method of swimming just described. Isi, The body is laid 
prone on the water, which exposes a large resisting surface 
{fig. 41, A, B, C, p. 82). 2d, The arms and legs are spread 
out on either side of the trunk, so that they are applied very 
indirectly as propelling organs (fig. 41, B, C). 3d, The most 
efi'ective part of the stroke of the arms and legs corresponds 
to something like a quarter of an ellipse, the remaining three 
quarters being dedicated to getting the arms and legs into 
position. This arrangement wastes power and greatly in- 
creases friction ; the attitudes assumed by the body at B and 
C of fig. 41 being the worst possible for getting through the 
water, itk, The arms and legs are drawn towards the trunk 
the one instant (fig. 41, .^), and pushed away from it the next 
(fig. 41, B). This gives rise to dead points, there being a 
period when neither of the extremities are moving. The 
body is consequently impelled by a series of jerks, the ssvim- 
ming mass getting up and losing momentum between the 
strokes. 

In order to remedy these defects, scientific swimmers have 
of late years adopted quite another method. Instead of 
working the arms and legs together, they move first the arm 
and leg of one side of the body, and then the arm and leg of 
the opposite side. This is known as the mierhand movement, 
and corresponds exactly with the natural walk of the ^raffe, 
the amble of the horse, and the swimming of the sea bear. 
It. is that adopted by the Indians. In this mode of swimming 
the body is thrown more or less on its side at each stroke, 
the body twisting and rolling in the direction of its length, 
as shown at fig. 42, an arrangement calculated greatly to 
reduce the amount of friction experienced in forward motion. 

The overhand movement enables the swimmer to throw 
himself forward on the water, and to move his arms and logs 
in a nearly vertical instead of a horizontal plane ; the ex- 
tremities working, as it were, above ajid beneath the trunk, 
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rather than on either side of it. The extremities are con- 
sequently employed in the hest manner possible for developing 
their power and reducing the friction to forward motion 
caused by tlieir action. This arrangement greatly increases 
the length of the effective stroke, botli of the arms and legs, 
this being equal to nearly half an ellipse. Thus when the 
left arm and leg are tliruat forward, the arm describes the 
curve a h (fig. 42), the leg e describing a similar curve. As 
the right side of the iJody virtually recedes when the left 
side advances, the right arm describes the curve c d, while 
the left arm is describing the curve ah; the light leg / 
descrtbuij, a cune the o| polite of that described by e (com- 
pare irrowa) The adi mcing of the right and left sides of 



the body alternately in a neirly stiaight line greitly an 
tributes to continuity of motion tlie impulse being ipj litd 
now to the right side anl now to the kft and the limbs 
being disposed and worked in such -t manner as in a great 
measure to reduce friction and prevent dead pomts or halts 
When the left arm anl leg aie being thrust foiwaid {i b e 
of fig, 42), the right arm and le^ strike vcrj nearly directly 
backward (e rf, / of fi^ 42) Tlie n^ht arm and leg and the 
resistance which they expenence from the n »ter con equently 
form a ^(»ii if «j>j)«i for the left aim and leg, the two sides 
of the body twisting and screwing upon a moveable fulcrum 
(the water) — an arrangement which secures a maximum of 
propulsion with a minimum of resistance and a minimum of 
slip. The propulsive power is increased by the concave surfaces 
of the hands and feet being directed backwards during the back 
stroke, and by the arms being made to throw their back 
water in a slightly outward direction, so as not to impede 
tlie advance of the legs. The overhand method of swimming 
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is the most expeditious yet discovered, l>ut it is fatiguing, and 
can only be indulged in for short distances. 

An improvement on the foregoing for long distances is 
that known as the side stroke. In this method, as the term 
indicates, the body is thrown more decidedly upon the side. 
Either side may be employed, some preferring to swim on the 
right side, and some on. the leil ; others swimming alternately 
on the right and left sides. In sivimming by the side stroke 
(say on the left side), the left arm is advanced in a curve, 
and made to describe the upper aide of an ellipse, as repre- 
sented at a 6 of iig. 43. This done, the right arm and legs are 
employed as propellers, the right arm and legs making a 
powerful backward stroke, in which the concavity of the hand 




ria 43 



IS 1 rectcd backwarls indoutwirds -is shown at c d! of the 
ime tip,ure^ The ii^ht irm in thi^ mo\ement describes 
the under s^lde ot an ellipse md acts in a nearly vertical 
plane When the n^ht arm and legs aie advanced, some 
swimmers lift the light aim out of the water, in order to 
diminish tnction — the air being moie easily penetrated 
thin the watLr The liftit g of the arm out of the water 
increa^eb the speed lut the m \ement is neither graceful 
nor comfortible as it immerses the held of the swimmer 
at each stioke Otheis keep the right arm in the water 
and extend the arm and hand in such a manner as to 
ca ISP it to cut straight forward In the «ide stroke the left 
arm (if the operator swims on the left side) a^ts as a cutwater 
{fig 43 b) It IS made to advance when the right arm 
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and legs are forced backwards (fig. 43, c d). The right arm 
and legs move together, and alternate with the left arm, 
which moves by itself. The right arm and legs are flexed 
and carried forwards, while the left arm is extended and 
forced backwards, and vice versA. The left arm always moves 
in an opposite direction to the right arm and legs. We have 
thus in the side stroke three limbs moving together in the 
same direction and keeping time, the fourth limb always 
moving in an opposite direction and out of time with the 
other three. The limb wliich moves out of time is the left 
one if the operator swims on the left side, and the right one 
if he swims on the right side. In swimming on flie left 
side, the right arm and legs are advanced slowly the one 
instant, and forced in a backward direction with great energy 
and rapidity the next. Similar remarks are to be made re- 
garding the left arm. When the right arm and legs strike 
backwards they communicate to the body a powerful forward 
impulse, which, seeing the body is tilted upon its side and 
advancing as on a keel, transmits it to a considerable distance. 
This arrangement reduces the amount of resistance to forward 
motion, conserves the energy of the swimmer, and secures in a 
great measure continuity of movement, the body being in the 
best possible position for ghding forward between the strokes. 
In good side swimming the legs are made to diverge 
widely when they are extended or pushed away from the 
body, so as to include within them a fluid wedge, the apex of 
which is directed forwards. When fully extended, the legs 
are made to converge in such a manner that they force the 
body away from the wedge, and so contribute to its propul- 
sion. By this means the legs in extension are made to 
give what may be regarded a double stroke, viz. an outward 
and inward one. When the double move has been made, 
the legs are flexed or dravm towards the body preparatory to 
a new stroke. In swimming on the left side, the left or 
cutwater arm is extended or pushed away from the body in 
such a manner that the concavity of the left hand is directed 
forwards, and describes the upper half of a vertical ellipse. 
It tlius meets with comparatively little resistance from the 
water. When, however, the left anii is flexed and dr.in'n 
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towards the body, the concavity of the left hand is directed 
backwards and made to describe the under half of the ellipse, 
so as to scoop and seize the water, and thus contribute to the 
propulsion of the body. The left or cutwater arm materially 
assists in floating the anterior portions of the body. The 
stroke made by the left arm is equal to a quarter of a circle, 
that made by the right arm to half a circle. The right 
arm, when the operator swims upon the left side, is con- 
sequently the more powerful propeller. The right arm, 
like the left, assists in supporting the anterior portion of 
the body. In swimming on the left side the major pro- 
pelling factors are the right arm and hand and the right 
and left legs and feet. Swimming by the side stroke is, 
on the whole, the most useful, graceful, and effective yet 
devised. It enables the swimmer to make headway against 
wind, wave, and tide in quite a remarkable manner. In- 
deed, a dexterous side-stroke swimmer can progress when 
a powerful breast-swimmer would be driven back. In 
still water an expert non-professional swimmer ought to 
make a mile in from thirty to thirty-five minutes, A pro- 
fessional swimmer may greatly exceed this. Thus, Mr. J. B. 
Johnson, when swimming against time, August 5th, 1872, in 
the fresh-water lake at Heudon, near London, did the full 
mile in twenty-six minutes. The first half-mile was done iu 
twelve minutea Calms paribus, the shorter the distance, the 
greater the speed. In August 1868, Mr. Harry Parker, a 
well-known professional swimmer, swam 500 yards in the 
Serpentine in seven minutes fifty seconds. Among non- 
professional swimmers the performance of Mr. J. E. Booth 
is very creditable. This gentleman, in June 1871, swam 
440 yards in seven minutes fourteen seconds in the fresh- 
water lake at Hendon, already referred to. I am indebted 
for the details regarding time to Mr. J. A. Cowan of 
Edinburgh, himself acknowledged to be one of the fastest 
swimmers in Scotland. The speed attained by man in the 
water is not great when his size and power are taken into 
account. It certainly contrasts very unfavourably with that 
of seals, and still more unfavourably with that of fishes. 
Tliis is duu to his small liands and leet, the slow movements 
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Tlie same remarks apply to the movements of the extremi- 
ties of the triton (fig. 45, p. 89) and crocodile, when swimming, 
and to the feebly developed corresponding members in the 
lepidosiren, proteus, and axoloti, specimens of all of which are 
to be seen in the Zoological Society's Gardens, London. 
In the latter, natation is effected principally, if not altogether, 
by the tail and lower half of the body, which is largely de- 
veloped and flattened laterally for this purpose, aa in the fisli. 

The muscular power exercised by the fishes, the cetacean.^, 
and the seals in swimming, is conserved to a remarkable 
extent by the momentum which the body rapidly acquires — 
the velocity attained by the mass diminishing the degree of 
exertion required in the individual or integral parts. This 
holds true of all animals, whether they move on the land or 
on or in the water or air. 

The animals which furnish the connecting link between 
the water and the air are the diving-birds on the one hand, 
and the flying-fishes on the other, — the former using their 
wings for flying above and through the water, as occasion 
demands; the latter sustaining themselves for considerable 
intervals in the air by means of their enormous pectoral fins. 

Flight wider wafei; etc. — Mr. Macgillivray thus describes a 
flock of red mergansers which he observed pursuing sand-eels 
in one of the shallow sandy bays of the Outer Hebrides : — 
" The birds seemed to move under the water with almost as 
much velocity as in the air, and often rose to breathe at a 
distance of 200 yards from the spot at which they had 
dived."^ 

In birds which fly indiscriminately above and beneath the 
water, the wing is provided with stiff feathers, and reduced 
to a minimum as regards size. In subaqueous flight the 
wings may act by themselves, as in tlie guillemots, or in con- 
junction with the feet, as in tlie grebes.^ To convert the 

> Hidtory ot Britisli Birds, vol. i. p. 48. 

' The giiillemote iu diving do not use their feet ; so tlint tliey literally fly 
miller the water. Their wings for this purpose are reduced to the simtlle^t 
possible diniendons condateirt with flight. The loons, on the other band, 
while they employ their feet, mrely, i[ ever, use their wings. Tlie snb- 
nil«aoiis piDgression ot the grelw resembles th;it of the rog. — Cuvier's Animal 
Kiiigilotii, Loud. 1840, pp, 252, 353. 
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wing into a powerful oar for swimming, it is only necessary 
to extend and flex it in a slightly backward direction, the 
mere act of extension causii^g the feathers to roll down, and 
giving to the back of the wing, which in this case communi- 
cates the more effective stroke, the angle or obliquity neces- 
sary for sending the animal forward. This angle, I may 
observe, corresponds with that made by the foot during ex- 
tension, so that, if the feet and wings are both employed, 
they act in harmony. If proof were wanting that it is the 
Ijjick or convex surface of the wing which gives the more 
effective stroke in suhaquatic flight, it would be found in the 
fact that in the pengnin and great auk, which are totally in- 
capable of flying out of the water, the wing is actually twisted 




round in order that the concave surface, which takes a better 
hold of the water, may be directed backwards (fig. 46).^ The 
thick mai^n of the wing when giving the effective stroke 
is turned downwards, as happens in the flippers of the 
Eesi-beav, wiilTOft, and tftttle. Tliis, I need scarcely remark, u 
precisely the reverse of what occurs in the ordinary wing in 
aiirial flight. In those extraordinary birds (great auk and 
penguin) the wing is covered with short, bristly-looking 
feathers, and is a mere rudiment and exceedingly rigid, tin 

1 III the swimminc nf tlie criieoilile, tiirtla, triton, aiirt frog, tlia concaTi 
sni-facBB of tile feet "f llie anterior extremities are likewiBe turned baokwanlB 
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movoment whieli wields it emanating, for the most part, from 
the shoulder, wliere the articulation partakes of the nature of 
a universal joint. The wing is beautifully twisted upon itself, 
and when it is elevated and advanced, it rolls up from the 
side of the bird at varying degrees of obliquity, till it makes 
a right angle with the body, when it presents a itan-ow or 
CMlting edge to the water. The wing when fully extended, 
as in ordinary flight, makes, on the contrary, an angle of 
something like 30° with the horizon. When the wing is 
depressed and carried backwards,^ the angles which its under 
surface make with the surface of the water are gradually 
increased. The wing of the penguin and auk propels both 
when it is elevated and depressed. It acts very much after 
the manner of a screw; and this, as I shall endeavour to 
show, holds true likewise of the wing adapted for aerial flight. 
Difference between Subaqaatk attd Aerial Flight.- —The ditfer- 
ence between aubaqnatic flight or diving, and flight proper, 
may be briefly stated. In aerial flight, the most effective 
stroke is delivered downwai'ds and forwards by the under, 
concave, or biting surface of the wing which is turned in this 
direction ; the less effective stroke being delivered in an up- 
ward and forward direction by the upper, convex, or non- 
biting surface of the wing. In subaquatic flight, on the 
contraij, the most eff'ective stroke is delivered dmvnwards and 
backwards, the least effective one upwards and forwards. In 
aerial flight the long axis of the body of the bird and the 
short axis of the wings are inclined shghtly upwards, and make 
a forward angle with the horizon. In subaquatic flight the 
long axis of the body of the bird, and the short axis of the 
wings are incUned slightly downwards and make a backward 
angle with the surface of tlie water. The wing acts more or less 
efSciently in every direction, as the taO of the fish does. The 
difference noted in the direction of the down stroke in flying 
and diving, is rendered imperative by the fact that a bird which 
flies in the air is heavier than the medium it navigates, and 
must be supported by the wings; whereas a bird which flies 
under the water or dives, is lighter than the water, and must 

' T!ie utTcotivfl slroke ii iilao delivered during Rexion in the shrimp, prawn. 
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force itself intu it to prevent its being buoyed np to the siir- 
fe««. However paradoxical it may seem, weight is necessary 
to aerial flight, and ledty to subaquatic flight. A bird destined 
to fly above the water is provided with travelling surfaces, so 
fashioned and so applied (they strike from ah&ee, dimntmrds 
and forvxirds), that tf it was lighter than the air, they would 
carry it off into space without the possibility of a return ; in 
other words, the action of the wings would carry the bird 
obliquely upwards, and render it quite incapable of flying 
either in a horizontal or downward direction. In the same 
way, if a bird destined to fly under the water (auk and pen- 
gim^^a&fnAiigVitsrttiaTi tVie water, suc\i is fhe configuration 
and mode of applying its travelling surfaces {they strike from 
abooe, downwards and backwards), they would carry it in the 
direction of the bottom without any chance of return to the 
surface. In atrial flight, weight is the power which nature 
has placed at the disposal of the bird for regulating its alti- 
tude and horizontal movements, a cessation of the play of its 
wings, aided by the inertia of its trunk, enabling the biril to 
approach the earth. In subaquatic flight, levity is a power 
furnished for a similar but opposite purpose ; this, combined 
with the partial slowing or stopping of the wings and feet, 
enabling the diving bird to regain the surface at any moment. 
Levity and weight are auxiliary forces, but they are necessary 
forces when the habits of the aerial and aquatic birds and the 
form and mode of applying their travelling surfaces are taken 
into account. If the aerial flying bird was lighter than the ^r, 
its wings would require to be ttoisiid round to resemble the diving 
wings of the penguin and aut. If, on the other hand, the diving 
bird (penguin or ault) was heavier than the water, its wings 
would require to resemble aerial wings, and they would require 
to strike in an opposite direction to that in which they strike 
normally. From this it foOows that %i-efgU is necessary to the 
bird (as at present constructed) destined to navigate the air, 
and Imty to that destined to navigate the water. If a bird 
was made very large and very light, it is obvious that the 
diving force at its disposal would be inadequate to submerge 
it. If, again, it was made very small and very heavy, it is 
equally plain that it could not fly. Nature, however, has 
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itruck the jubt balance slie hia made tlie diviiij; Viiid, which 
flies under the vatei relatuely much heavier than the bird 




- aul hai irta led the travelling surfaces 
bliL. his UHiBiiiel thcs of the latter. 
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For the same reason, she has furnished the diving bird with 
a certain degree of buoyancy, and the flying bird with a cer- 
tain amount of weight — levity tendiug to bring the one to 
the surface of the water, weight the other to the surface of 
the earth, which is the normal position of rest for both. The 
action of the subaquatic or diving wing of the king penguin 
is well seen at p. 94, fig. 47. 

Prom what has been stated it will he evident that the 
wing acta very differently in and out of tho water; and this 
is a point deserving of attention, the more especially as it 
seems to have hitherto escaped obsen-ation. In the water 
the wing, when moat effective, strikes downwards and baehwards, 
and acts as an auxiliary of the foot ; whereas in the air it 
strikes doamwards and forwardg. The oblique surfaces, spiral 
or otherwise, presented by animals to the water and air are 
therefore made to act in opposite directions, as far as the 
down strokes are concerned. This is owing to the greater 
density of the water as compared with the air, — the former 
supporting or nearly supporting the animal moving upon or 
in it ; the latter permitting the creature to fall through it in a- 
downward direction during the ascent of the wing. To coun- 
teract the tendency of the bird in motion to fall downwards 
and forwards, the down stroke is delivered in this direction ; 
the kite-like action of the wing, and the rapidity with which 
it is moved causing the mass of the bird to pursue a more 
or less horizontal course. I offer this explanation of the 
action of the wing in and out of the water after repeated and 
careful observation in tame and wild birds, and, as I am 
aware, in opposition to all previous writers on the subject. 

The rudimentary wings or paddles of the penguin (the 
movements of which I had an opportunity of studying in a 
tame specimen) are principally employed in swimming and 
diving. The feet, which are of moderate size and strongly 
webbed, are occasionally used as auxiliaries. There is this 
difference between the movements of the wings and feet 
of this most curious bird, and it is worthy of attention. 
The wings act together, or synchronously, as in flying birds; 
tlie feet, on the other hand, are moved alternately. The 
wings are wielded with great energy, and, because of their 
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semi-rigid condition, are incapable of expansion. They there- 
fore present their maximum and minimum of surface by 
a partial rotation or tilting of tlie pinion, aa in the walrus, 
sea-bear, and turtle. The feet, which are moved with less 
vigour, are, on the contrary, rotated or tilted to a very slight 
extent, the increase and diminution of surface being secured 
by the opening and closing of the membranous expansion or 
web between the toes. In this latter respect they bear a cer- 
tain anal<^y to the feet of the seal, the toes of which, as has 
been explained, spread out or divaricate during extension, 
and the reverse. Tlie feet of the penguin entirely differ 
from those of the seal, in being worked separately, the 
foot of one side beiiig flexed or drawn towards the body. 




.—OrlslnaL 

while its fellow is being extended or pushed away from it. 
Tlie feet, moreover, describe definite curves in opposite direc- 
tions, the right foot proceeding from within outwards, and 
from above downwards during extension, or when it is fully 
ex|)anded and giving the effective stroke ; the left one, which 
is moving at the same time, proceeding from without in- 
wards and from below upwards during flexion, or when it is 
folded up, as happens during the back stroke. In the acts of 
extension and flexion the legs are slightly rotated, and the 
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feet more or less tilted. The same movements are seen in tlie 
feet of the swan, and in those of swimming birds teneranv 
(Bg. 48). 

One of the most exqnisitoly constructed feet for swimming 
luid diving purposes is that of the grebe (fig. 49). This foot 




^ntinued. from (Jie one tub 



Pjn. «.— Foot of Grel» (Fodiceps). I 
bwiuimlug mcitibmiio -. Uw jneiahrs 
and eipuDiled whoii the foot ia ext^ 

othop.— (Afler MlHiL)"'^ " "" 

coDsists of three swimming toes, each of which is provided 
with a membranous expansion, which closes when tJie foot is 
being drawn towards the body during the baclt stroke, and 
opens out wlien it is being forced away from the body during 
tlie effective stroke. 




I w mm 1 1 each foot describes one side of an 
11 ps wl n t xt d d and thrust from the body, the 
tl I f th 11 p b 11 lescribed when the foot is flexed 

I dn vn 1 th b dy The curve described by the right 

i t 1 n pu 1 ed f th b dy is seen at the arrow r of fig, 
50 ; that formed by the left foot when drawn towards the 
body, at the an-ow s of the same figure. The curves formed 
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by the feet during extension and flexion produce, wht;n united 
in the act of swimming, waved lines, tliese constituting a 
chart for the movements of ths extremities of swimming birds. 

Tliere is consequently an obvious analogy between the 
swimming of birds and the walking of man (compare fig. 50, 
p. 97, with fig. 19, p. 39) ; between the walking of man and 
the walking of the quadruped -(compare figs. 18 and 19, pp. 
37 and 39) ; between the walking of the quadruped and the 
swimming of the walrus, sea-bear, and seal; between the 
swimming of the seal, whale, dugong, manatee, and porpoise, 
and that of the fish (compare fig. 32, p. 68, with figs. 18 and 
19, pp. 37 and 39); and between the swimming of the fish 
and the flying of the insect, bat, and bird (compare all the 
foregoing figures with figs. 71, 73, and 81, pp. 144 and 157). 

Flujhl of th4 Flying-fish ; the kile-like action of the Wings,etc. — 
^Vhether the fiying-fiah uses its greatly expaiided pectoral fins 




Fio. 61.— The Plytng-flah (Exocalm eailltM, L 

elevated in the aS of Hight (tide arrowa) ' 

._._._._. ,. ......... ...a, ^f awImniLn* and fljins 
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as a bird its wings, or only as parachutes, has not, so far as I 
am aware, been determined by aiitual observation. Most ob- 
servers are of opinion that these singular creatures glide up 
the wind, and do not beat it after the manner of birds; so 
that their flight (or rather leap) is indicated by the arc of a 
circle, the sea supplying the chord. I have carefully examined 
the stnicture, relations, and action of those fins, and am satis- 
fied in my own mind that tlicy act as true pinions within 
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ciirtidti limits, their inadequate dimensions and limited range 
alone preventing them from sustaining the fish in the air for 
indefinite periods. When the fins are fully flexed, as happens 
when the fish is swimming, they are arranged along the sides 
of the body ; but when it takes to the air, they are raised 
above the body and make a certain angle with it. In being 
raised they are likewise inclined forwards and outwards, the 
fins rotating on their long axes until they make an angle of 
something like 30° with the horizon- — -this being, as nearly as 
I can determine, the greatest angle made by the wings during 
the down stroke in the flight of insects and birds. 

The pectoral fins, or pseudo-wings of the fiying-fish, like 
all other wings, act after the manner of kites — the angles of 
inclination which their under surfaces make with the horizon 
varying according to the degree of extension, the speed ac- 
quired, and the pressure to which they are subjected by being 
carried against the air. When the fiying-fish, after a pre- 
liminary rush through the water (in which it acquires initial 
velocity), throws itself into the air, it is supported and carried 
forwards by the kite-like action of its pinions ; — tliis action 
being identical with that of the hoy's kite when the boy runs, 
and by pulling upon the string causes the kite to ghde op- 
wards and forwania. In the case of the boy's kite a pulling 
force is applied to the kite in ftx)nt. In the case of the flying- 
fish (and everything which flies) a similar force is applied to 
the kites formed by the wings by the weight of the flying 
mass, which always tends to fall vertically downwards. 
Weight supplies a motor power in flight similar to that 
supplied by the leads in a clock. In the case of the hoy's 
kite, the hand of the operator furnishes the power; in 
flight, a large proportion of the power is fiimiabed by 
the weight of the body of the flying creature. It is a 
matter of indifference how a kite is flown, so long as its 
under surface is made to impinge upon the air over which 
it passes.' A kite will fly efi'ectually when it is neither 
acted upon by the hand nor a weight, provided always 
there is a stiff breeze blowing. In flight one of two things 

' " On the Various Modes of Fliglit in relation to Aijronautics." By tU 
A uthr.r.— Proceedings of tlie Rojiil Institntion of Groat Britain, March 1SC7. 
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is necessary. Either the under surface of the wings must 
be carried rapidly against stil] air, or the air must rush 
violently against the under auri'a«e of the expanded hut 
motionless wings. Either the wiugs, the body Ivearing them, 
or the air, must be in rapid motion ; one or other must be 
active. To this tliere is no exception. To fly a kite in still 
air the operator must run. If a breeze is Mowing the operator 
does not require to alter his position, the breeze doing the 
entire work. It is the same with winga. In stDI air a bird, 
or whatever attempts to fiy, must flap its wings energetically 
until it acquires initial velocity, when the flapping may be 
discontinued ; or it must throw itself from a height, in which 
case the initial velocity is acquired by the weight of the body 
actmg upon the inclined planes formed by the motionless 
wings. The flapping and gliding action of the winga consti- 
tute the difference between ordinary flight and that known 
as skimming or sailing flight. The flight of the flying-fish is 
to be regarded rather as an example of the latter than the 
former, tiie fish transferring the velocity acquired by the 
vigorous lashing of its tail in the water to the air, — an 
arrangement which enables it to dispense in a great measure 
with the flapping of the wings, which act by a combined 
parachute and wedge action. In the flying-fish the flying-fin 
or wing attacks the nir fivm beneath, whilst it is being raised 
above the body. It has no downward stroke, the position 
and attachments of the fin preventing it from descending 
beneath the level of the body of the fish. In this respect the 
flying-fin of the fish differs slightly from the wing of the 
insect, bat, and bird. The gradual expansion and raising of 
the fins of the fish, coupled with the fact that the fins never 
descend below the body, account for the admitted absence of 
beating, and have no doubt or^inated the belief that the 
pectoral fins are merely passive organs. If, however, they do 
not act as true pinions withiji the limita prescribed, it is diffi- 
cult, and indeed impossible, to understand how such small 
creatures can obtain the momentum necessary to project them 
a distance of 200 or more yards, and to attain, as they some- 
times do, an elevation of twenty or more feet above the water. 
lilr.Swainson, in crossingtho line in 1816, zealously attempted 
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lo discover the trae action of tlie fins in question, tut the 
flight of the fish is so rapid that he utterly failed. He gives 
it sts his opinion that flight is performed in two ways, — first 
by a spring or leap, and second by the spreading of the 
pectoral fins, which are employed in propelling the fish in a 
forward direction, either by flapping or by a motion analogous 
to the skimming of swallows. He records the important fact, 
that the flying-fish can change its course after leaving the 
water, which satisfactorily proves that the fins are not simply 
passive structures. Mr. Lord, of the Eoyal Artillery,^ thus 
writes of those remarkable specimens of the finny tribe ; — 
" There is no sight more charming than the flight of a shoal 
of flying-fish, as they shoot forth from the dark green wave 
in a glittering throng, like silver birds in some gay fairy tale, 
gleaming brightly in the sunshine, and then, with a mere 
touch on the crest of the heaving billow, again flitting onward 
reinvigorated and refreshed." 

Before proceeding to a consideration of the graceful and, 
in some respecte, mysterious evolutions of the denizens of the 
air, and the iar-stretching pinions by which they are pro- 
duced, it may not be out of place to say a few words in re- 
capitulation regarding the extent and nature of the surfaces 
by which progression is secured on land and on or in the 
water. This is the more necessary, as the travelling-surfaces 
employed by animals in walking and swimming bear a cer- 
tain, if not a fixed, relation to those employe-d by insects, bats, 
and birds in flying. On looking back, we are at once struck 
with the fact, remarkable in some respects, that the travelling- 
surfaces, whether feet, flippers, fins, or pinions, are, as a rule, 
increased in proportion to the tenuity of the medium on which 
they are destined to operate. In the ox (fig. 18, p. 37) we 
behold a ponderous body, slender extremities, and unusually 
small feet. The feet are slightly expanded in the otter (fig. 12, 
p. 34), and considerably so in the omithorhynchus (fig. 11, p. 
34). The travelling-area is augmented in the seal (fig. 14, p. 
34 ; fig. 36, p. 74), penguin (figs. 46 and 47, pp. 91 and 94), 
sea-hear (fig. 37, p. 76), and turtle (fig. 44, p. 89). In the 
triton (fig. 45, p. 89) a huge swimming-tail is added to the 

1 Nutiite and Art, Novonilier ISfie, p. 173. 
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feet — the tail becoming larger, and the extremities (anterior) 
diminialiing, in the manatee (fig. 34, p. 73) and porijoise (fig. 
33, p. 73), until we arrive at the fish (fig. 30, p. 65), where 
not only the tail hut ihe lower ha!/ of the body ia actively 
engaged in natation. Turning from the wat-er to the air, we 
observe a remarkable modification in the huge pectoral fins 
of the flying-fish (fig. 51, p. 98), these enabling the creature 
to take enormous leaps, and serving as pseudo-pinions. Turn- 
ing in like manner from the earth to the air, we encounter 
the immense tegumentaiy expansions of the flying-dragon 
(fig. 15, p. 35) and galeopithecus (fig. 16, p. 35), the floating 
or buoying area of which greatly exceeds that of some of the 
flying beetles. 

In those animals which fly, as bats (fig. 17, p. 36), insects 
(figs. 57 and 58, p. 124 and I25),and birds (figs. 59 and 60, 
p. 126), the travelling surfaces, because of the extreme tenuity 
of the air, are prodigiously augmented ; these in many instances 
greatly exceeding the actual area of the body. While, therefore, 
the movements involved in walking, swimming, Mid flying are 
to be traced in the first instance to the shortening and length- 
ening of the muscular, elastic, and other tissues operating on 
the bones, and their peculiar articular surfaces ; they are to 
be referred in the second instance to the extent and configu- 
ration of the travelling areas — these on all occasions, being 
accurately adapted to the capacity and strength of the animal 
ajid the density of the medium on or in which it is intended 
to progress. Thus the land supplies the resistance, and 
afibids the support necessary to prevent the small feet of 
land animals from sinking to dangerous depths, while the 
water, immensely less resisting, furnishes the peculiar medium 
requisite for buoying the fish, and for exposing, without 
danger and to most advantage, the large surface contained 
in its ponderous lashing tail, — the air, nnseen and unfelt, 
furnishing that quickly yielding and subtle element in which 
the greatly expanded pinions of the insect, bat, and bird are 
made to vibrate with lightning rapidity, discoursing, as they 
do so, a soft and stirring music veiy delightful to the lovei 
of nature. 
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The atmosphere, because of its great tenuity, mobility, and 
comparative impoDderability, preseuts little resistance to 
bodies passing through it at low velocities. If, however, the 
speed be greatly accelerated, the passage of. even an ordinary 
cane is sensibly impeded. 

This comes of the action and reaction of matter, the resist- 
ance experienced varying according to the density of the 
atmosphere and the shape, extent, and velocity of the body 
acting upon it. While, therefore, scarcely any impediment 
is offered to the progress of an animal in motion, it is often 
exceedingly difficult to compress the air with sufficient rapidity 
and energy to convert it into a suitable fulcrum for securing 
the onwani impetus. This arises from the fact that bodies 
moving in the air experience the minwium of redslanm and 
occasion the maximum of displacement. Another and very 
obvious difficulty is traceable to the great disparity in the 
weight of air as compared with any known solid, this in the 
case of water being nearly as 1000 to 1. According to the 
density of the medium so is its buoying or sustaining power. 

Tlie ffing a Lever of the Third Oi-der. — To meet the pecu- 
liarities stated above, the insect, bat, and bird are furnished 
with extensive surfaces in the shape of pinions or wings, 
wliich they can apply with singular velocity and power, as 
levers of the third order (fig. 3, p. 20),^ at various angles, or 
by alternate slow and sudden movements, to obtain the 

' In this form of lever the power ia applied between the fnlcmm and tlie 
weight ti) lie raiseii. The musa to be elevatetl is the body of the insect, bat, 
or bird,— the force which resides in tiie liviiig pinion (aided by tlie inertia at 
tlie trunk) veiireseuting the power, and the air the fulcrum. 



I, Google 



104 ANIMAL LOCOMOTIOH. 

necessary degree of resistance and non-resistance. Although 
the third order of lever is particularly inefficient when the 
fulcrum is rigid and immobile, it possesses singular advantages 
when tliese conditions are reversed, i.e. when the fulcnim, as 
happens with the air, is elastic and yidding. In this case a 
very slight movement at the root of the pinion, or that end 
of the lever directed towards the body, is succeeded hy an 
immense sweep of tlie extremity of the wing, where its elevat- 
ing and propelling power is greatest. This arrangement in- 
sures that the large quantity of air necessary for propulsion 
and support shall be compressed under the most favourable 
conditions. 

It follows from this that those insects and birds are endowed 
with the greatest powers of flight whose wings are the longest. 
The dragon-fly and albatrcss furnish examples. The former 
on some occasions dashes along with amazing velocity and 
wheels with incredible rapidity ; at other times it suddenly 
checks its headlong career and hovers or fixes itself in the air 
after the manner of the kestrel and humming-birds. The flight 
of the albatross is also remarkable. This magnificent bird, I am 
informed on reliable authority, sails about with apparent un- 
concern for hours together, and rarely deigns to flap its enor- 
mous pinions, which stream from its body like ribbons to the 
extent, in some cases, of seven feet on either aide. 

The manner in which the wing levers the body upwards 
and forwards in flight is shown at fig. 52. 

In this fig. // represent the moveable fulcra furnished by 
the air ; p^ the power residing in the wing, and h the body 
to be flown. In order to make the problem of flight more 
intelligible, I have prolonged the lever formed by the wing 
beyond the body (i), and have applied to the root of the wing 
BO extended the weight wv/. x represents the universal 
joint by which the wing is attached to the body. When the 
wing ascends, as shown at p, the air ( = fulerum f) resists its 
upward passage, and forces the body (b), or its representative 
{w), slightly downwards. When the wing descends, as shown 
at jP*, the air (=s fulcrum f) resists its downward passage, 
and forces the body (&), or its representative {vf), slightly 
upwards. From this it follows, that when the wing rises th» 
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body falls, and vke versd ; the wiDg describing the a 

large circle (//'), the body (''), or the wei"' 

{tn w") describing the arc of a much smaller circle. The 'body, 




therefore, as well as the wing, rises and falls in flight. When 
the wing descends it elevates the body, the wing behig active 
ami the body passive ; when the body descends it elevates 
the wing, the body being active and the wing passive. The 
elevator muscles, and the reaction of the air on the under 
surface of the wing, contribute to its elevation. It is in this 
manner that weight forms a factor in flight, the vring and the 
weight of the body reciprocating and mutually assisting and 
relieving each other. This is an aigument for employing 
four wings in artificial flight, the wings being so airranged 
that the two which are up shall always by their fall mechani- 
cally elevate the two which are down. Such an arrangement 
is calculated greatly to conserve the driving power, and, as a 
consequence, to reduce the weight. It is the upper ot dorsal 
surface of the wing which more especially operates upon the 
air during the up stroke, and the under or ventral surface 
which operates during the down stroke. The wing, which at 
the beginning of the down stroke has its surfaces and margins 
(anterior and posterior) arranged in nearly the same plane with 
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the horizon,* rotates upon its anterior margin as an axis during 
its descent and causes its under surface to make a gradually 
iuci-easing angle with the horizon, the posterior margin (fig. 
63, c) in this movement descending heneath the anterior 
one. A similar but opposite rotation takes place during the 
up stroke. The rotation referred to causes the wing to twist 
on its long axis screw-fashion, and to describe a figure-of-8 
track in space, one-half of the figure being described during 
the ascent of the wing, the other half during its descent. 
Tlie twisting of the wing and the figure-of-8 track desciibed 
by it when made to vibrate, are represented at fig. 53. 
The rotation of the wing on its long axis as it ascends and 
descends causes the under surface of the wing to act as a 
kite, both during the up and down strokes, provided always 
the body bearing the wing is in forward motion. But the 
upper surface of the wing, as has been explained, acts when 
the wing is beiiig elevated, so that both the upper and under 
surfaces of the wing are efficient during the up strolte. When 
the wing ascends, the upper surfaee impinges against the air; 
the under surface impinging at the same time from its being 
carried obliquely forward, after the manner of a kite, by the 
body, which is in motion. During the down stroke, the 
under surface only acts. The wing is consequently effective 
both during its ascent and descent, its slip being nominal in 
amount. The wing acts as a kite, both when it ascends and 
descends. It acts more as a propeller than an elevator during 
its ascent ; and more as an elevator than a propeller during 
its descent. It is, however, effective both in an upward and 
downivard direction. The efficiency of the wing is greatly in- 
creased by the fact that when it ascends it draws a current of 
air up after it, which current being met by the wing during 
its descent, greatly augments the power of the down stroke. 
In like manner, when the wing descends it draws a current 
of air down after it, which being met by the wing during its 
ascent, greatly augments the power of the up stroke. These 
induced currents are to the wing what a stiff autumn breeze is 
to the boy's kite. The wing is endowed with this very re- 

' In some cases the posterior margin is slightly elevated alove the hoi'iiou 
(fig- 63. S)- 
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mirkable property, that it creates the current on which it rises 
and progresses. It literally flies on a whirlwind of its own 
farming. 

These remarks apply more especially to the wings of bats 
and birds, and those insects whose wings are made to vibrate 
in a more or less i ertical direction. The action of the wing 
ii rcmlily imitated, as a reference to fig. 53 will show. 




If, for example, I take a tapering elastic reed, as represented 
at a h, and supply it with a flexible elastic sail (c d), and a 
ball-and-socket joint (z), I have only to seize the reed at a 
and cause it to oscillate upon a to elicit all the wing move- 
ments. By depressing the root of the reed in the direction 
lie, the wing flies up as a kite in the direction //. During 
the upward movement the wing flies upwards and forwards, 
and describes a double curve. By elevating the root of the 
reed ID the direction nt a, tba wing flies down as a. kit* in 
the direction i b. During the downward movement the 
wing flies downwawt and forwards, and describes a double 
curve. These curves, when united, form a waved track, 
which represents progressive flight. During the rise and fall 
of the wing a large amount of tractile force is evolved, and 
if the wings and the body of the flying creature are inclined 
slightly upwards, kite-fashion, as they invariably are in ordi- 
nary flight, the whole mass of necessity moves upwards and 
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forwards. To this there is no exception. A sheet of paper 
or a card will float along if its anterior margin is slightly 
raised, and if it be projected with sufficient velocity. The 
wings of all flying creatures when made to vibrate, twist and 
untwist, the posterior tliin margin of ea<;h wing twisting 
round the anterior thick one, like the blade of a screw. The 
artificial wing represented at fig. 53 (p. 107) does the same, ct? 
twisting round a b, and ^ k round ef. The natural and arti- 
ficial wings, when elevated and depressed, describe a figure-of-8 
track in space when the bodies to which they are attached 
are stationary. Wlien the bodies advance, the figure-of-8 is 
opened out to form first a looped and then a waved track. I 
have shown how those insects, bats, and birds which flap 
their wings in a more or less vertical direction evolve tractile 
or propelling power, and how this, operating on properly 
constructed inclined surfaces, results in flight, I wish now 
to show that flight may also be produced by a very oblique 
and almost horizontal stroke of the wing, as in some insects, 
e.ff. the wasp, blue-bottle, and other flies. In those insects 
the wing is made to vibrate with a figure-of-8 sculling 




motion in a very oblique direction, and with immense eneigy. 
This form of flight differs in no respect from the other, imless 
in the direction of the stroke, and can be readily imitated, as 
a reference to fig. 54 will show. 
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In this figure (54) the conditiona represented at fiy. 53 (p. 
1 07) are exactly reproduced, the only difference being that in 
the present figure the wing is applied to the air in a more or less 
horizontal direction, whereas in fig. 63 it is applied in a more 
or less vertical direction The letters in both figures are the 
same. The insects whose wings tack upon the air iu a more 
or less horizontal direction, have an extensive range, each 
wing describing nearly half a circle, these half circles corre- 
sponding to the area of support. The body of the insect is 
consequently the centre of a circle of motion. It corresponds 
to 7. of the present figure (fig. 64). Wlien the wing is seized 
hy the hand at a, and the root made to travel in the direction 
ne, the body of the wing travels in the direction//. While 
so travelling, it flies upwards in a donble curve, kite-fashion, 
and elevates the weight /. When it re.a«hes the point/ it 
reverses suddenly to prepare for a return stroke, which is 
produced by causing the iwt of the wing to travel in the 
direction m «, the body and tip travelling in the direction % h. 
During the reverse stioke, the wing flies upwards in a double 
curve, kite-fashion, and elevates the weight k. The more 
rapidly these movements are repeated, the more powerftil the 
wing becomes, and the greater the weight it elevates. This 
follows because of the reciprocating action of the wing, — the 
wing, as already explained, always drawing a current of tur 
after it during the one stroke, which is met and utilized by 
it during the next stroke. The reciprocating action of the 
wing here referred to is analogous in all respects to that ol>- 
sei-ved iu the flippers of the seal, sea-bear, walms, and turtle ; 
the swimming wing of the penguin ; and the tail of the whale, 
dugong, manatee, porpoise, and fish. If the muscles of the 
insect were made to act at the points a e, the body of the 
insect would be elevated as at A i, by the reciprocating action 
of the wings. The amount of tractile power developed in the 
ari-angemont represented at fig. 63 (p. 107), can be readily 
ascertained by fixing a spring or a weight acting over a pulley 
to the anterior margin (a 6 or e /) of the wing ; weights acting 
over pulleys being attached to the root of the wing (a or e). 

The amount of elevating powei' developed in the arrange- 
iiient represented at flg. 54, can also he estimated by 
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causing weiglits acting over pulleys to operate upon the root 
of the wing (ii or e), and watching how far the weights (k or Q 
are raised. In these calculations allowance is of course to be 
made for friction. The object of the two sets of experiment 
described and figured, is to show that the wing can exert a 
tractile power either in a nearly horizontal direction or in a 
nearly vertical one, flight being produced in both cases. I 
wish now to show that a body not supplied with wings or 
inclined surfaces will, if left to itself, fall vertically down- 
wards ; whereas, if it be furnished with wings, its vertical fall 
is converted into oblique downward flight. These are very 
interesting points. Experiment has shown me that a wing 
when made to vibrate vertically produces horizontal traction ; 
when made to vibrate horizontally, vertical traction ; the 
vertical faU of a body armed with wings producing oblique 
tiaction. The descent of weights can also be made to propel 
tliG wings either in a vertical or horizontal direction ; the 
vibration of the wings upon the air in natural flight causing 
the weights (body of flying creature) to move forward. 
This shows the very important part performed by weight in 
all kinds of flight. 

freight necessary to Flight. — However paradoxical it may 
seem, a certain amount of weight is indispensable in flight. 

In the first place, it gives peculiar efficacy and energy to 
the up stroke, by acting upon the inclined planes formed 
by the wings in the direction of the plane of progression. 
The power and the weight may thus be said to reciprocate, 
the tno sitting, as it were, side by side, and blending their 
peculiar influences to produce a common result. 

Secondly, it adds momentum, — a heavy body, when once 
fairly under weigh, meeting with little resistanco from the 
air, through which it sweeps like a heavy pendulum. 

Thirdly, the mere act of rotating the wings on and off 
the wind during extension and flexion, with a slight down- 
word stroke, apparently represents the entire exertion on the 
part of the volant animal, the rest being perfoi-med by weight 
alone. 

This last circumstance is deserving of attention, the more 
especially as it seems to constitute the principal difference 
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between a living flying tiling and an aerial machine. If a 
flying-machine was constructed in accor<iance with the prin- 
ciples which we behold in nature, the weight and the pro- 
pelling power of the machine would he made to act upon the 
sustaining and propelling surfaces, whatever shape they 
assumed, and these in turn would be made to operate upon 
the air, and vice ve^sd. In the aerial machine, as far as yefc 
devised, there is no sympathy between the weight to be 
elei-ated and the lifting power, whilst in natural flight the wings 
and the weight of the flying creature act in concert and reci- 
procate ; the wings elevating the body the one instant, the 
body by its fall elevating the wings the next. When the 
wings elevate the body they are active, the body being pas- 
sive. When tlie body elevates the wings it is active, the 
wings being passive. The force residing in the wings, and 
the force residing in the body (weight is a force when launched 
in space and free to fall in a vertical direction) cause the mass 
of the volant animal to oscillate vertically on either side of 
an imaginary line — this line corresponding to the path of the 
insect, bat, or \>iT& in tbe mt. While tlie -wings smd huAy 
act and react upon each other, the wings, body, and air like- 
wise act and react upon each other. In the flight of insects, 
bats, and birds, weight is to be regarded as an independent 
moving power, this being made to act upon the oblique sur- 
firei presented by the wings in conjunction with the power 
nd y h nunal — the latter being, by this arrange- 
n n d 'emarkable extent. Weight, assisted by 

a m n or springs, which recover all wings in 

fl XI n IS be e "a ded as the mechanical expedient resorted 
by n pementing the efTorts of iJl flying things.* 

h fl would be of short duration, laboured, and 

rU n a aln m'rt ul ' u jap ent p 

dy dn n ft a npob 
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fFeigkt contributes io Hmizonlal Flight. — That the weight of 
tlio body plays an important part in tlie production of flight 
may be proved by a very simple experimeut. 



"V^ 



/ 



If I take two primary feathers and fix them in an ordinary 
cork, as represented at fig, 55, and allow the apparatus to 
drop from a height, I find the cork does not fall vertically 
downwards, but downwards itnd forwards in a curve. This 
follows, because the feathers «, S are twisted flexible inclined 
planes, which arch in an upward direction. They are in fact 
true wings in the sense that an insect wing in one piece is a 
true wing. (Compare a, h, c of fig. 55, with g, jf, s of fig. 82, 
p. 158.) When dragged downwards by the cork (c), which 
would, if left to itself, fall vertically, they have what is vir- 
tually a down stroke communicated to them. Under these 
eircumetances a struggle ensues between the cork tending to 
fall vertieaUy and the feathers tending to travel in an upward 
direction, and, as a consequence, the apparatus describes the 
curve d ef g before reaching the earth h, i. Hiis is due to 
the action and reaction of the feathers and air upon ea«h 
other, and to the influence which gravity exerts upon the 
cork. The forward travel of the cork and feathers, as com- 
pared with the space through which they fall, is very great. 
Tlius, in some instances, I found they advanced as much as a 
yard and a half in a descent of three yards. Here, thon, is 
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an example of fliglit produced by purely mechanical appli- 
ances. The winged seeds fly in precisely the same manner. 
The seeds of the plane-tree have, e.g. two wings which 
exactly resemble the wings employed for flying ; thus they 
taper from the root towards the tip, and from the ante- 
rior margin towards the posterior maigin, the margins being 
twisted and disposed in different planes to form true screws. 
This arrangement prevents the seed from falling rapidly or 
vertically, smd if a breeze is blowing it is wafted to a con- 
siderable distance before it reaches the ground. Nature is 
uniform and consistent throughout. She employs the same 
principle, and very nearly the same means, for flying a heavy, 
solid seed which she employs for flying an insect, a bat, or a 
bird. 

When artificial wings constructed on the plan of natural 
ones, with stiff roots, tapering semi-rigid anterior margins, 
and thin yielding posterior margins, are allowed to drop from 
a height, they describe double curi'es in falling, the roots of 
the wings reaching the ground first. This circumstance 
proves the greater buoying power of the tips of the wings as 
compared with the roots. I might refer to many other 
experiments made in this direction, but these are sufficient to 
show that weight, when acting upon wings, or, what is the 
same thing, upon elastic twisted inclined planes, must be re- 
garded as an independent moving power. But for this cir- 
cumstance flight would be at once the most awkward and 
laborious form of locomotion, wheresis in reality it is incom- 
parably the easiest and most graceful. The power which 
rapidly vibrating wings have in sustaining a body which 
tends to fall vertically downwards, is much greater than one 
would naturally imagine, from the fact that the body, which 
is always bt^nning to fall, is never permitted actually to do 
so. Thus, when it has fallen sufficiently fer to assist in 
elevating the wings, it is at once elevated by the vigorous 
descent of those organs. The body consequently never 
acquires the downward momentum wHch it would do if per- 
mitt-ed to fall through a considerable spaee uninterruptedly. 
It is easy to resti'ain even a heavy body when beginning to 
fiill, while it is next to impossible to check its progress when 
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it is once iMrly lannched in space anil travelling rapidly in a 
downward direction. 

Weight, Momentum, and Power, to a certain extent, synonymous 
in Flight. — When a bird rises it has little or no momentum, so 
that if it comes in contact with a solid resisting surfai^e it 
does not injure itself. When, however, it has acijuired all 
the momentum of which it'is capable, and is in full and rapid 
flight, such contact results in destruction. My friend Mr. A. 
D. Bartlett informed me of an instance where a wild duck 
terminated its career by coming violently in contact with one 
of the glasses of the Eddystone Lighthouse. The glass, which 
was fully an inch in thickness, was completely smashed. 
Advantage is taken of this circumstance in killing sea-birds, 
a bait being placed on a board and set afloat with a view to 
breaking the neck of the bird when it stoops to seize the car- 
rion. The additional power due to momentum in heavy 
bodies in motion is well illustrated in the start and progress 
of steamboats. In these the slip, as it is technically called, 
decreases as the speed of the vessel increases ; the strength of 
a man, if applied by a hawser attached to the stem of a 
moderate-sized vessel, being sufficient to retard, and, in some 
instances prevent, its starting. In such a case the power of the 
engine is almost entirely devot«d to " slip" or in giving motion 
to the fluid in which the screw or paddle is immersed. It is 
consequently not the power residing in the paddle or screw 
winch is cumulative, bnt the momentum inhering in the mass. 
In the bird, the momentum, alias weight, is made to act upon 
the inclined planes formed by the wings, these adroitly con- 
verting it into sustaining and propelling power. It is to this 
circumstance, more than any other, that the prolonged flight 
of birds is mainly due, the inertia or dead weight of the 
trunk aiding and abetting the action of the wings, and so 
relieving the excess of exertion which would necessarily 
devolve on the bird. It is thus that the power which in 
living structures resides in the mass is conserved, and the 
mass itself turned to account. But for this reciprocity, no 
bird could retain its position in the air for more than a few 
minutes at a time. This is proved by the comparatively 
brief upward flight of the lark and the hovering of the hawk 
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when hunting. In both these cases the body is exclusively 
sustained by tlie action of the wings, the weight of the trmik 
taking no part in it ; in other words, the weight of the body 
does not contribute to flight by adding its momentnm and 
the impulse which momentum begets. In tlie flight of the 
albatross, on the other hand, the momentum acquired by the 
moving mass does the principal portion of the work, the win;^s 
for the most part being simply rotated on and off tlie wind lo 
supply the proper angles necessary for the inertia or mass to 
operate upon. It appears to me that in tliis blending of 
active and passive power the mystery of flight is conci:aled, 
and that no arrangement will succeed in producing fliglit 
artificially which does not recognise and apply the principle 
here pointed out. 

Air-cells in Insects and Birds not necessary to FUgld. — The 
boasted levity of insects, bats, and birds, concerning ivliicb so 
much has been written by authors in their attempts to explaiu 
flight, ia delusive in the highest degree. 

Insects, bats, and birds are as heavy, bulk for bulk, as most 
other living creatures, and flight can be p4(rformed perfectly 
by animals which have neither air-sacs nor hollow bones ; air- 
sacs being found in animals never designed to fly. Those 
who subscribe to the heated-air theory are of opinion that tlie 
air contained in the cavities of insects and birds is so much 
lighter than the surrounding atmosphere, that it must of 
necessity contribute materially to flight. I may mention, 
however, that the quantity of air imprisoned is, to begin 
with, so infinites! mally small, and the difference in weight 
which it fexperiences by increase of temperature »o inippre 
ciable, that it ought not to be taken into account bj any one 
endeavouring to sohe the difticult and important problem of 
flight. The Montgolfier or fire balloons were constructed en 
the heated-air principle , but -is tliese have no analogue m 
nature, and are apparently imipable of improvement, they 
are mentioned here rather to expose whit I regard a false 
theory than as tending to elucidate the true principles < f 
fiight. 

When we have said that L^lmhrs and holJon chambers 
increase the area of tlie insect an ! bird, and that an insect 
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aud bird so conatmcted is stronger, weight for welglit, than 
one composed of solid matter, we may dismiss the subject; 
flight being, as I shall endeavour to show by-and-by, not so 
much a question of levity as one of weight and power intelli- 
gently directed, upon properly constructed flying surfaces. 

The bodies of insects, hats, and birds are constructed on 
strictly mechanical prindples, — lightness, strength, and dura- 
bility of frame being combined with power, rapidity, and 
precision of action. The cylindrical method of construction 
is in them carried to an extreme, the bodies and legs of 
insects displaying numerous unoccupied spaces, while the 
muscles and solid parta are tunnelled by innumerable air- 
tubes, which communicate with the surrounding medium by 
a series of apertures termed spiracles. 

A somewhat similar disposition of parts is met with in 
birds, these being in many cases furnished not only with 
hollow bones, but also (especially the aquatic ones) with a 
liberal supply of air-sacs. They are likewise provided with a 
dense covering of feathers or down, which adds greatly to 
their bulk without materially increasing their weight. Their 
bodies, moreover, in not a few instances, particularly in birds 
of prey, are more or less flattened. Tlie air-sacs are well 
seen in the swan, goose, and duck ; and I have on several 
occasions minutely examined them with a view to determine 
their extent and function. In two of the specimens which I 
injected, the material employed had found its way not only 
into those usually described, but also into others which ramify 
in the substance of the muscles, particularly the pectorals. 
No satisfactory explanation of the purpose served by these 
air-sacs has, I regret to say, been yet tendered. According 
to Sappey,* who has devoted a large share of attention to the 
subject, they consist of a membrane which is neither serous 
nor mucous, but partly the one and partly the other ; and as 
blood-vessels in considerable numbers, as my preparations 

^ Sapiwj cnumeralfls fifteen air-sois,— tlie ihitraac, situated at the lower 
part of the uoek, lieliind the sternum ; lico ^xmical, which rnn the iifhole 
length of the neek to the head, wliich tliey siipiJ)' ivith air ; Iwo pairs of 
aiiUfior, nnd (wo pairs ci/ iioslSfwt Ma^'kru.ij-iiuiXic ; and iwir pairs of abdo- 
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show, ramify in their substance, and they are in many cases 
covered with muscular fibres wliich confer on them a rhythmic 
movement, some recent observers (Mr. Drosier ^ of Cambridge, 
for example) have endeavoured to prove that they are ad- 
juncts of the lungs, and therefore assist in aerating the blood. 
This opinion was advocated by John Hunter as early as 
1774,* and is probably correct, since the temperature of birds 
is higher than that of any other class of animals, and because 
they are obliged occasionally to make great muscular exei^ 
tions both in swimming and flying. Others have viewed the 
air-sacs in connexion with the hollow bones frequently, though 
not always, found in birds,^ and have come to look upon the 
heated air which they contain as being more or less essential 
to flight. That the air-cells have absolutely nothing to do with 
flight is proved by the fact that some excellent fliers (take the 
bats, e.g.) are destitute of them, while birds such as the 
ostrich and apteiyx, which are incapable of flying, are pro- 
vided with them. Analogous air-sacs, moreover, are met 
with in animals never intended to fly; and of these I may 
instance the great air-sao occupying the cervical and axil- 
lary regions of the orang-outang, the float or swimming- 
bladder in fishes, and the pouch communicating with the 
trachea of the emn,* 

I " On the Functions of the Air-cells anil the Meclianiim of Respiration in 
Birds," by W. H. DroBier, M.D., Cains College.— Proo. Camb. Phil Soc, 

Ptb. 13, isee. 

' " An Aceount of certain Eeceptades of Air in Birds which communicate 
with the Lungs, and me loctged amoi^ the Fleshy Parts and in the Hollow 
Bones of these Animals." — PhiL Trans., Loud. !77t. 

* Accordii^ lo Dr. Crisp the swallow, martin, snipe, and many birds of 
passage have no air in their bones (Proc. Zool. Sec, Lond. part xxv. 1857, p. 
13). The some author, in a second communication (pp. 215 and 21S), adds 
that the glossy starling, spotted flycatcher, whin.ohat, wood.wren, willow-wren, 
black.headed buntii^, and canary, five of which are birds of passage, have 
likewise no air in their bones. The following is l)r. Crisp's Bummary :— Out 
of ninety-two birds examined he found " air in many of the bones, five 
(Faleoitida:) ; lur in the humeri and not in the inferior extremities, thirty- 
nine ; no lur in the eitrcmilioH and probably none in the othei- hones, forty- 
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The same may be said of the hollow bonea, — some really 
admirable fliers, as the swifts, it.artins, and snipes, having 
their bones filled with marrow, while those of the wingless 
running birds alluded to have air. Furthermore and finally, 
a living bird weighing 10 lbs. weighs the same when dead, 
plus a very few grains ; and all know what effect a few grains 
of heated air would have in raising a weight of 10 lbs. from 
the ground. 

Hme Balancing is effected in Flight, the Sound produced hy 
the Wing, elc. — The manner in which insects, bats, and birds 
balance themselves in the air has hitherto, and with reason, 
been regarded a mystery, for it is difficult to understand bow 
tliey maintjiin their equilibrium when tbe wings are beneath 
their bodies. Figs. 6T and 68, p. lil, throw considerable 
light on the subject in the case of the insect. In those 
figui'es the space (a, g) mapped out by the wing during its 
vibrations is entirely occupied by It ; i.e. the wing (such is 
its speed) is in every portion of the space at nearly the same 
instant, the space representing what is practically a solid 
basis of support. As, moreover, the wing is jointed to the 
upper part of the body (thorax) by a universal joint, which 
admits of every variety of motion, the insect is always sus- 
pended (very much as a compass set upon gimbals is sus- 
pended); the wings, when on a level witJi the body, vibrating 
in such a manner as to occupy a circular area (vide r dbf oi 
fig. 56, p. 120), in the centre of which the body (aec) is 
placed. The wings, when vibrating above and beneath the 
body occupy a conical area ; the apex of the cone being directed 
upwards when the wings are below the body, and downwards 
when they are above the body. Those points are well seen 
in the bird at figs. 82 and 83, p. 158. In fig. 83 the in- 
verted cone formed by the wings when above the body is repre- 
eentiiil, and in fig. 83 that formed by the wings when below 
the body is given. , In these figures it will be observed tJiat 
the body, from tbe insertion of the roots of the wings into its 
upper portion, is always suspended, and this, of course, is equi- 
valent to suspending the centre pf gravity. In the bird and 
Hie swan and goose, as prepared liy me, niaj' lie seen in tlie Museum of tlie 
Eoj-nl College of Surgeons of Englanii. 
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bat, where the stroke is delivered more vertir^lly than in the 
insect, the basis of support is increased by the tip of the wing 
folding inwards and backwards in a more or less horizontal 
direction at the end of the down stroke ; and outwards and 
forwards at the end of the up stroke. This is accompanied 
by tlie rotation of the outer portion of the wing upon the 
wrist as a centre, the tip of the wing, because of the ever 
varying position of the wrist, describing an ellipse. In in- 
sects whose wings are broad and large (butterfly), and which 
are driven at a comparatively low speed, the balancing power 
is diminished. In insect* whose wings, on the contrary, are 
long and narrow (blow-fly), and which are driven at a high 
speed, the balancing power is increased. It is the same with 
short and long winged birds, so that the function of balancing 
is in some measure due to the form of the wing, and the 
speed with which it is driven ; the long wing and the wing 
vibrated with great energy increasing the capacity for balanc- 
ing. When the body is light and the wings very ample 
(butterfly and heron), the reaction elicited by the ascent 
and descent of the wing displaces the body to a marked 
extent. When, on the other hand, the wings are small 
and the body largfe, the reaction produced by the vibration 
of the wing is scarcely perceptible. Apart, however, from 
the shape and dimensions of the wing, and the rapidity 
with which it is urged, it must never be overlooked that all 
wings (as has been pointed out) are attached to the bodies 
of tlie animals bearing them by some form of universal 
joint, and in such a manner that the bodies, whatever the 
position of the wings, are accurately balanced, and swim 
about in a more or less horizontal position, like a compass t^et 
upon gimbals.' To sucli an extent is this true, that the posi- 
tion of the wing is a matter of indifference. Thus the pinion 
may be above, beneath, or on a level with the body ; or it 
may be directed forwards, backwards, or at right angles to 
the body. In either case the body is balanced mechanically 
and without effort. To prove this point I made an artificial 
wing and body, and united the one to the other by a nni- 
vei'sal joint. I found, as I had anticipated, that in whatever 
position the wing mm placed, ivlietlier above, bcm-ath, or on 
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it level with the body, or on either side of it, the body almost 
instantly attained a position of rest. The body was, in fiict, 
equally suspended and balanced from all points. 

liapidiiy of Wing Movements partly accounted for. — Much 
surprise has been expressed at the enormous rapidity ■witli 
which some wings are made to vibrate. The wing of the 
insect is, as a rule, very long and narrow. As a consequence, 
a comparatively slow and very limited movement at the root 




confers great range and immense speed at the tip ; the speed 
of each portion of the wing increasing as the root of the wing 
is receded from. This is explained on a principle well under- 
stood in mechanics, viz. that when a rod hinged at one end 
is made to move in a circle, the tip or free end of the rod 
describes a much wider circle in a given time than a portion 
of the rod nearer the hinge. This principle is illustrated at 
' In this diagram I have purposely represented the right wing by a straight 
ngid rod. The natural wing, howater, is enrveil, fiexUile, and daslk. It 
likflwiso moves in citrves, the curves being moEt marked towards tlie end of 
tho up and down etrakes, an shown at m !(, o p. Tlie curves, wliich are 
douhle flgnre-of-8 curves, are oTiliterated towards the middle of the stroltes (a r). 
This reninrk holds true of all natoral wiogi, and of all artifisial wings properly 
constructed, llie curves and the reversal thereof are necessary to give con- 
tinuity of motion to the wing during it? vilirjtlons, and what is not less 
iinpoi'tant, to eiiabU thu nin^ alternately tu sei/o and iliviniss the air. 
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fig. 5G. Tims if a 6 of fig. 56 be made to represent the 
rod hinged at x, it travels through the space d hf in the 
same time it travels through j k Ij and through _;' k I in the 
same time it travels through ff hi; and through ^ A tin the 
same time it travels through e a c, which is the area occupied 
by the thorax of the insect. If, however, the part of the rod 
b travels through the space d 6/in the same time that the part 
a travels through the space e a c, it follows of necessity that 
tlie portion of the rod marked a moves very much slower 
than that marked fi. The muscles of the insect are applied 
at the point a, as short levers {the point referred to correspond- 
ing to the thorax of the insect), so that a comparatively slow 
and limited movement at the root of the wing pi-odfices the 
marvellous speed observed at the tip ; the tip, and body of the 
wing being those portions which occasion the blur or impi-es- 
sion produced on the eye by the rapidly oscillating pinion (figs. 
64, 65, and 66, p. 139), But for this mode of augmenting 
the speed originally inaugurated by the muscular system, it is 
dif&cult to comprehend how the wings could be driven at the 
velocity attributed to them. The wing of the blow-fly is 
said to make 300 strokes per second, i.e. 18,000 per minute. 
Now it appears to me that muscles to contract at the rate of 
18,000 times in the minute would be exhausted in a very 
few seconds, a state of matters which would render the con- 
tinuous flight of insects impossible. (The heart contracts only 
between sixty and seventy times in a minute.) I am, therefore, 
disposed to believe that the number of contractions made by 
the thoracic muscles of insects has been greatly overstated; 
the high speed at which the wing is made to vibrate being 
due less to the separate and sudden contractions of tlie nmacles 
at its root than to tlie fact that the speed of the different 
parts of the wing is increased in a direct ratio as the several 
parts are removed from the driving point, as already ex- 
plained. Speed is certainly a matter of great importance 
in wing movements, as the elevating and propelling power of 
the pinion depends to a great extent upon the rapidity with 
which it is urged. Speed, however, may be produced in two 
ways — either by a series of separate and opposite movements, 
such as is witnessed in the aetion of a piston, or by a series 
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of separate and opposite movements acting upon an instru- 
ment so designed, tliat a movement applied at one part jo- 
creases in rapidity as the point of contact is receded from, as 
happens in the wing. In the piston movement the motion is 
uniform, or nearly so j all parts of the piston travelling at 
very much the same speed. In the wing movements, on the 
contrary, the motion is gradually accelerated towards the tip 
of the pinion, where the pinion is most effective as an elevator, 
and decreased towards the root, where it is least effective — 
an arrangement calculated to reduce the number of muscular 
contractions, while it contributes to the actual power of the 
wing. This hypothesis, it wOl be observed, guarantees to the 
wing a very high speed, with comparatively few reversals and 
comparatively few muscular contractions. 

In the bat and bird the wings do not vibrate with the 
same rapidity as in the insect, and this is aecounted for by 
the circumstance, that in them the muscles do not act exclu- 
sively at the root of the wing. In the bat and bird the 
muscles mn along the wing towards the tip for the pur- 
pose of flexing or folding the wing prior to the up stroke, 
and for opening out and expanding it prior to the down 
stroke. 

As the wing must be folded or flexed and opened out or 
expanded every time the wing rises and falls, and as the 
muscles producing flexion and extension are long muscles 
with long tendons, which act at long distances as long levers, 
and comparatively slowly, it follows that the great short 
muscles {pectorals, etc.) situated at the root of the wing must 
act slowly likewise, as the muscles of the thorax and wing of 
neeesMty act together to produce one pulsation or vibration 
of the wing. What the wing of the bat and bird loses in 
speed it gains in power, the muscles of the bat and bird's 
wing acting directly upon the points to be moved, and under 
the most favourable conditions. In the insect, on the con- 
trary, the muscles act indirectly, and consequently at a dis- 
advantage. If the pectorals only moved, they would act as 
short levers, and confer on the wing of the bat and bird the 
rapidity peculiar to the wing of the insect. 

The tones emitted by the bird's wing would in this case 
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be lieigbtened. The swan in flying produces a loud whistling 
sound, and the pheasant, partridge, and grouse a sharp whirring 
noise like the stone of a knife-grinder. 

It is a mistake to suppose, as many do, that the tone or 
note produced by the wing during its vibrations is a true 
indication of the number of beats made by it in any given 
time. This will be at once understood when I state, that a 
long wing will produce a higher note than a shorter one 
driven at the same speed and having the same superficial 
area, from the fact that the tip and body of the long wing 
will move through a greater space in a given time than the 
tip and body of the shorter wing. This is occasioned by all 
wings being jointed at their roots, the sweep made by the 
different pai'ts of the wing in a given time being longer or 
sliorter in proportion to the length of the pinion. It ought, 
moreover, not to be overlooked, that in insects the notes pro- 
duced are not always referable to the action of the wings, 
these, in many cases, being traceable to movements induced 
in the legs and other parts of the body. 

It is a curious circumstance, that if portions be removed 
from the posterior margins of the wings of a buzzing insect, 
sKcli as the wasp, bee, blue-bottle fly, etc., the note produced 
by the vibration of the pinions is raised in pitch. This is 
explained by the fact, that an insect whose wings are curtailed 
requires to drive them at a much higher speed in order to 
sustiun itself in the air. That the velocity at which the wing 
is urged is instrumental in causing the sound, is proved by 
the fact, that in slow-flying insects and birds no note is pro- 
duced; whereas in those which urge the wing at a high 
speed, a note is elicited which corresponds within certain 
limits to the number of vibrations and the form of the wing. 
It is the posterior or thin flexible margin of the wing which 
is more especially eng.iged in producing the sound ; and if 
this be removed, or if this portion of the wing, as is the case 
in the bat and owl be con'itructed of very soft materi'ils, the 
( h<tracter of the note is altered An artihcial wing if pro- 
p liy constructed and impelled at a sufficiently hi-,h speed, 
eiiitij a drumming noise Tvhich closely resembles the note 
jrulicel 1^ tl \ biati n ol I ttvLin^e] hea^j bodied 
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birds, all which goes to prove that sound ia a ooncomitaiit of 
rapidly vibrating wings. 

The Wing area Variable and in Excess. — The travelling- 
surfaces of insects, bats, and birds greatly exceed those of 
fishes and swimming animals, the tra\elltngsurfices of swim- 
ming animals being greatly in excess of those of animals which 
walk and run The wing area of insLcts, bitb, and birds 
varies veiy conaideiablj , flight being possible withm a com- 




Fia. CT.—Shows A bnltorfly wHJi compamti vely very lorae wlngH. The nemireH 

llio plniong nvidlly «x]>Lain3 the irrei^ilar Eiuli't of tbe li>!)c<^ on the i>iinu[]>ls 
oftEcoil. dAnlrrioriKliig. 6 Posterior wii^t e Antiirior margin of wing. 
/Ditto ]iost«rior miu^iu. g PiUo outer marif ld- Coiiipure witA beetle, fig. 
58. — Ongiwil. 

parativeiy wide range. . Thus there are light-bodied and large- 
winged insects and birds — as the butterfly (fig. 57) and heron 
(fig. 60, p. 126) ; and others whose bodies are comparatively 
heavy, while their wings are insignificantly small — as the 
sphinx moth and Goliath beetle (fig. 58) among insects, and 
the grebe, quail, and partridge (fig. 59, p. 126) among birds. 
The apparent inconsistencies in the dimensions of the body 
and wings are readily explained by the greater muscular develop- 
ment of the heavy -bodied short-winged insects and birds, and 
the increased power and rapidity with which the wings in them 
are made to oscillate. In large -winged animals the movements 
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are slow ; in small-winged ones comparatively very rapid. This 
shows that flight may be attained by a heavy, powerful 
animal with comparatively small wings, as well as by a 
lighter one with enormously enlarged wings. While there is 



apparently no fixed relati 
and the animal to be 
sailing birds,' an niivaryi 



between the area of the wings 
I, there is, unless in the ease of 
relation between the weight of 
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the animal, the area of its wings, and the number of oscilkr 
tions made by them in a given time. The problem of flight 
thus resolves itself into one of weight, power, velocity, and 
small surfaces ; ve)'sits buoyancy, debility, diminished speed, 
1 In binlB which, skim, nail, or glide, the pinion is greatly elongated or 
rihbon-Bhaped, and the weight of the body iB made to operate npon the in- 
cluied planes formed Ijy the wings, in snoh a manner, that tha bird when it 
has once got fairly under weigh, is in a measure Belf-eupporling. This is 
especially the case when it ie proceetlinf! against a slight breeze — the wind 
and the inclined planes resnlting from the upward inclination of the wings 
reacting upon each other, willi this very romarkahlB result, tliat the mass of 
tlie bird iiiovbe steadily turwanls in n niiire.iir Iimr horizi'iiUt direction. 
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and extensive surfaces, — weight m either case being a sine 
gild non In order to utilize the air as a means of transit, 
the body in motion, whetlier it moies in virtue of the life it 
r because oi a foroe superadded, must be heavier 
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than the air It must tread and rise upon the air as a swim- 
mer upon the w^ter, or as ^ kite upon the wind It must 
act again->t gravity, and ele\ate and Cdirj it^eH fotward at 
the expense of the air, and bj \irtue of the toice which 
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resides in it. If it were rescued from the law of gravity on 
the one hand, and bereft of independent movement on the 
other, it would float about nncontrolled and uncontrollable, 
as happens in the ordinary gas-balloon 
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That no fixed relation exists between the area of tlie wings 
and the size and weight of the body, is evident on comparing 
the dimensions of the wings and bodies of the several orders 
of insects, bats, and birds. If such comparison be made, it 
will be found that the pinions in some instances diminish 
while the bodies increase, and the converse. No practical 
good can therefore accrue to aerostation from elaborate 
measurements of the wings and trunks of any flying thing ; 
neither can any rule be laid down as to the extent of surface 
leijiiired for sustaining a given weight in the air. The wing 
area is, as a rule, considerably in excess of what is actually 
required for the purposes of flight. This is proved in two 
ways. First, by the fact that bats can carry their young with- 
out inconvenience, and birds elevate surprising 'quantities of 
fish, g^me, carrion, etc. I had in my possession at one time 
a tame bamnSoor owl which could lift a piece of meat a 
quarter of its own weight, after fasting four-and-twenty 
hours ; and an eagle, as is well known, can carry a moderate- 
sized lamb with facility. 

The excess of wing area is proved, secondly, by the fa«t that 
a large proportion of the wings of most volant animals may 
be removed without destroying the power of flight. I in- 
stituted a series of experiments on the wings of the fly, 
dragon-fly, butterfly, sparrow, etc, with a view to determining 
this point in 1867. The following are the results obtained : — 

Bl/ae-hotUe Fly. — Expffiiment 1. Detached posterior or thin 
half of each wing in its long axis. Flight perfect. 

Exp. 2. Detached posterior two-ihirds of either wing in its 
long axis. Flight still perfect, I confess I was not prepared 
for this result. 

Exp. 3. Detached one-third of anterior or thick margin of 
either pinion obliquely. Flight imperfect. 

Exp. 4. Detached one-half of anterior or thick margin of 
either pinion obliquely. The power of flight completely 
destroyed. Prom experiments 3 and i it would seem tliat 
the anterior margin of the wing, which contains the principal 
nervures, and which is the most rigid portion of the pinion, 
cannot be mutilated with impunity. 

Exp. 5. Eemoved one-third from the extremity of either 
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wing transversely, i.e. in the direction of tlie short axis of 
the pinion. Fhght perfect. 

Ea^. 6. Eemoved one-half from either wing transversely, as 
in experiment 5. Might very slightly (if at all) impaired. 

Exp. 7. Divided either pinion in the direction of its long 
axis into three equal parts, the anterior nervnres being con- 
tained in the anterior portion. Flight perfect. 

Ea^. 8. Notched two-thirds of either pinion obliquely from 
behind. Flight perfect. 

Exp. 9. Notched anterior third of either pinion transversely. 
The power of flight destroyed. Here, as in experiment 4, 
the mutilation of the anterior margin was followed by loss of 
function. 

Exp. 10, Detached posterior two-thirds of right wing in 
its long axis, the left wing being untouched. Flight perfect. 
I expected that this experiment would result in loss of 
balaneing-power ; but this was not the case. 

Eig). 11. Detached half of right wing transversely, the left 
one being normal. The insect flew irregularly, and came to 
the ground about a yard from where I stood. I seized it 
and detached the corresponding half of the left wing, after 
which it flew away, as in experiment C, 

Zh-agm-Eli/. — Ea^. 12. In the dragon-fly either the first or 
second pair of wings may be removed without destroying the 
power of flight. The insect generally flies most steadily 
when the posterior pair of wings are detached, as it can bal- 
ance better; but in either ease flight is perfect, and in no 
degree laboured, 

Exp. 1 3. Eemoved one-third from the posterior margin of 
the first and second pairs of wings. Flight in no wise impaired. 

If moro than a third of each wing is cut away from the 
posterior or thin margin, the insect can still fly, but with 
effort. 

Experiment 13 shows that the posterior or tlun flexible 
margins of the wings may be dispensed with in flight. They 
are more especially engaged in propelling. Compare with 
experiments 1 and 2. 

Ea^. 14. TJie extremities or tips of the first and second 
pair of wings may be detached to the extent of one-third, 
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without diminishing the power of Siglit. Compare with 
experiments 5 and 6. 

If tlie mutilation be carried further, flight is laboured, and 
in some cases destroyed. 

Exp. 15. When the front edges of the first and second pairs 
of wings are notched ot when they are removed, flight is com- 
pletely destroyed. Compare wi^ experiments 3, 4, and 9. 

This shows that a certain degree of stiffness is required for 
tlie front edges of the wings, the front edges indirectly sup- 
porting the ha«k edges. It is, moreover, on the front edges 
of the wings timt the pressure falls in flight, and by these 
edges the major portions of the wings are attached to the 
body. The principal movements of the wings are communi- 
cated to these edges. 

Butteijiy. — Exp. 16, Eemoved posterior halves of tlie first 
pair of wings of white butterfly. FHght perfect. 

Exp. 17. Removed posterior halves of first aaid second 
pairs of wings. Flight not strong hut still perfect. If addi- 
tional portions of the posterior wings were removed, the 
insect could stili fly, but with great efl'ort, and came to the 
ground at no gfeat distance, 

Exp. 18. When the tips (o«t«r sixth) of the firet and 
second pairs of wings were cut away, flight was in no wise 
impaired. When more was detached the insect could not fly. 

Exp. 19. Kemoved the post«rior wings of the brown but- 
terfly. Flight unimpaired. 

Ei^. 20. Removed in addition a small portion (one-sixth) 
from the tips of the anterior wings. Flight still perfect, as 
the insect flew upwards of ten yards. 

Exp. 21. Removed in addition a portion (one-eighth) of 
the posterior margins of anterior wings. The insect flew 
imperfectly, and came to the ground about a yard from tlie 
point where it commenced its flight. 

House Sparrow. — The sparrow is a heavy small-winged 
bird, requiring, one would imagine, all its wing area. This, 
however, is not the case, as the annexed experiments show. 

Exp. 32. Detached the half of the secondaiy feathers of 
either pinion in the direction of the long axis of the wing, 
the primaries being left intact. Flight as perf'ect as before 
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the mutilation took place. In this experiment, one wing was 
operated upon before the other, in order to test the balancing- 
power. The bird flew perfectly, either with one or with 
both winga cut. 

Exp. 23. Detached the half of the secondary feathers and 
a fourth of the primary ones of eitlier pinion in the long axis 
of the wing. Flight in no wise impaired. The bird, in this 
inatance, flew upwards of 30 yards, and, having risen a con- 
siderable height, dropped into a neighbouring tree. 

Ei^. 34. Betached nearly the half of the primary feathers 
in the long axis of either pinion, the secondaries being left 
intact. When one wing only was operated upon, flight was 
perfect ; when both were tampered with, it was still perfect, 
but slightly laboured. 

Exp. 25. Detached rather more than a third of both 
primary and secondary feathers of either pinion in the long 
axis of the wing. In this case the bird flew with evident 
exertion, but was able, notwithstanding, to attain a very con- 
siderable altitude. 

From experiments 1, 2, 7, 8, 10, 13, 16, 23, 33, 24, and 
25, it would appear that great liberties may be taken with 
the posterior or thin margin of the wing, and the dimensions 
of the wing vst this direction mat«rially reduced, without 
destroying, or even vitiating in a marked degree, the powers 
of flight. This is no doubt owing to the fact indicated by 
Sir George Cajley, and fully explained by Mr. Wenham, tbat 
in all wings, particularly long narrow ones, the elevating 
power is transferred to the anterior or front margin. These 
experiments prove that the upward bending of the posterior 
margins of the wings during tiie down stroke is not necessary 
to flight. 

Exp. 36. Removed alternate primary and secondary feathers 
from either wing, beginning with the flrst primary. The bird 
flew upwards of fiity yards with very slight effort, rose above 
an adjoining fence, and wheeled over it a second time to settle 
on a tree in the vicinity. When one wing only was oper- 
ated upon, it flew irregularly and in a lopsided manner. 

Es^. 27. Eemoved alternate primary and secondary feathers 
from either wing, beginning with the second prhnury. Flight, 
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from all I could determine, perfect. When one wing only 
was cut, flight was irregular or lopsided, as in experiment 20, 

From experiments 26 and 27, as well as experiments 7 
and 8, it would seem that the wing does not of necessity 
require to present an unbroken or continuous surface to the 
air, snch as is witnessed in the pinion of the bat,-and that the 
feathers, when present, may be separated from each other 
without destroying the utility of the pinion. In the raven 
and many other birds the extrendties of the first four or 
five primaries divaricate in a marked manner. A similar 
condition is met with in the Aludla hexadach/la, where the 
delicate featheiy-looking processes composing the wing are 
widely removed from each other. The wing, however, ceteris 
paribus, is strongest when the feathers are not separated from 
each other, and when they overlap, as then they are arranged 
so as mutually to support each other. 

Exp. 28. Removed half of the primary feathers from either 
wing transversely, i.e. in the direction of the short axis of the 
wing. Flight very slightly, if at all, impaired when only one 
wing was operated upon. 'When both were cut, the bird flew 
heavily, and came to the ground at no very great distance. 
This mutilation was not followed by the same result in ex- 
periments 6 and 11, On the whole, I am inclined to believe 
that the area of the wing can be curtailed with least injury 
in the direction of its long axis, by removing successive por- 
tions from its posterior mai^in. 

Eirp. 29. The carpal or wrist-joint of either pinion ren- 
dered immobile by lashing the wings to slender reeds, the 
elbow-joints being left free. The bird, on leaving the hand, 
fluttered its wings vigorously, but after a brief flight came 
heavily to the ground, thus showing that a certain degree .of 
twisting and folding, or flexing of the wings, is necessary to 
the flight of the bird, and that, however the superficies and 
shape of the pinions may be altered, the movements thereof 
must not be interfered with. 1 tied up the wings of a pigeon 
in the same manner, with a precisely similar result. 

The birds operated upon were, I may observe, caught in a 
net, and the experiments made within a few minutes from 
the time of capture. 
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Some of my readers will probably infer from the foregoing, 
that the figure-of-8 curves formed along the anterior and pos- 
terior margins of the pinions are not necessary to flight, since 
the tips and posterior margins of the wings may be removed 
without destroying it, To such I reply, tliat the wings are 
flexible, elastic, and composed of a congeries of curved sur- 
faces, and that so long as a portion of them remains, they 
form, or tend to form, figure-of-8 curves in every direction. 

Captain F. W. Hutton, in a recent paper " On the Flight 
of Birds" (/&!s, April 1872), refers to some of the experi- 
ments detailed above, and endeavours to frame a theory of 
flight, which diflters in some respects from my own. His 
remarks are singularly inappropriate, and illustrate in a forci- 
ble manner the old adage, " A little knowledge is a danger- 
ous thing." If Captain Hutton had taken the trouble to look 
into my memoir " On the Physiology of Wings," communi- 
cated to the Eoyal Society of Edinbui^h, on the 2d of August 
1870,^ fifteen months before his own paper was written, there 
is reason to believe he would have arrived at very different 
conclusions. Assuredly ho would not have ventured to make 
the rash statements he has made, the more especially as he 
attempts to controvert my views, which are based upon ana- 
tomical research and experiment, without making any dis- 
sections or experiments of his own. 

The Wing area decreases as Ike Size and Wdght of the Volant 
Airnnai increases. — While, as explained in the last section, no 
definite relation exists between the weight of a flying animal 
and the size of its flying surfaces, there being, as stated, heavy 
bodied and small-winged insects, bats, and birds, and the con- 
verse ; and while, as I have shown by experiment, flight is 
possible within a wide range, the wings being, as a rule, in 
excess of what are required for the purposes of flight ; still 
it appears, from the researclies of M. de Lucy, that there is a 
general law, to the effect that the larger the volant animal 
the smaller by comparison are its flying surfaces. The exist- 
ence of such a law is very encouraging as far as artificial 

'■ On the Pliysiolc^y of Wings, lieing an Analysis of the Movtments by 
which Flight is prmhiced in ttie Insect, Bat, aai Bird."— Trans. Boy. Soc. of 
Edinbni^h, loi, sxvi. 
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flight is concerued, for it showa that the flying surfaces of a 
]ai'ge, heavy, powerful flying machine will be comparatively 
smaU, and consequently comparatively compact and strong. 

a, point of very coasiderahle importance, aa the object 
' "a a flying machine is elevating capacity. 

e Lncy has tabulated his results, which I subjoin :' — 
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" It is easy, by aid of this table, to follow the order, 
always decreasing, of tlie surfaces, in proportion as the 
winged animal increases in size and weight. Thus, in com- 
paring the insects with one another, we find that tlie gnat, 
which weighs 400 times less than the stag-lieetle, has four- 
teen times more of surface. The lady-bird weighs 150 tim^ 
less than the atag-beetle, and possesses five times more of 
surface. It is the same with the birds. The s^Kirrow 
weighs about ten times less than the pigeon, and has twic-e as 
much surface. The pigeon weighs about eight times less 
than the stork, and has twice as much surface. The sparrow 
weighs 339 times less than the Australian crane, and possesses 
seven times more surface. If now we compare the in- 
sects and the birds, the gradation will become even much 
more striking. The gnat, for example, weighs 97,000 times 
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loss than the pigeon, and has forty times more surface ; it 
weighs 3,000,000 times less than the crane of Australia, 
and possesses li9 times more of surface than this latter, the 
weight of which is about 9 kilogrammes 500 grammes (25 
lbs. 5 oz. 9 dwt. troy, 20 lbs. 15 oz. 2J dr. avoirdupois). 

The Australian crane ia the heaviest bird that I have 
weighed. It is that which has the smallest amount of aui^ 
face, for, referred to the kilogramme, it does not give ua a 
surface of more than 899 square centimetres {139 square 
inches), that is to say about an eleventh part of a square metre. 
But every one knows that these grallatorial animals are excel- 
lent birds of flight. Of all travelling birds they undertake the 
longest and most remote journeys. They are, in addition, 
the eagle excepted, the birds which elevate themselves the 
highest, and the flight of which is the longest maintained."^ 

Strictly in accordance with the foregoing, are my own 
measurements of the gannet and heron. The following de- 
tails of weight, meaBurement, etc., of the gannet were supplied 
by an adult specimen which I dissected during the winter of 
1869. Entire weight, 7 lbs. (minus 3 ounces); length of 
body from tip of bill to tip of tail, three feet four inches; 
head and neck, one foot three inches ; tail, twelve inches ; 
trunk, thirteen inches ; ^ith of trunk, eighteen inches ; ex- 
panse of wing from tip to tip across body, six feet ; widest 
portion of wing across primary feathers, six inches ; across 
secondaries, seVen inches ; across tertiariea, eight inches. Each 
wing, when carefully measured and squared, gave an area of 
19 J square inches. The wings of the gannet, therefore, fur- 
nish a supporting area of three feet three inches square. As 
the bird weighs close upon 7 lbs., this gives something like 
thirteen square inches of wing for every 36j ounces of body, 
i.e. one foot one square inch of mng for every 2 lbs. 4J- oz. 
of body. 

The heron, a specimen of which I dissected at the same 
time, gave a very different result, as the subjoined particulars 
will show. Weight of body, 3 lbs. 3 ounces ; length of body 
from tip of bill to tip of tail, three feet four inches ; head and 
neck, two feet ; tail, seven inches ; trunk, nine inches ; girth 
1 M. (k Lvn'y, Dp, at. 
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of body, twelve iuclies ; expanse of wing from tip to tip across 
the body, five feet nine laches ; widest portion of wing across 
primary and tertiary feathers, eleven indies ; across secondary 
featJiera, twelve inches. 

Each wing, when carefully measured and squared, gave an 
area of tweuty-six square inches. The wings of the heron, 
consequently, fiomish a supporting area of four feet four inches 
square. Aa the bird only weighs 3 lbs. 3 ounces, this gives 
something like twenty-aix square inches of wing for every 
25J ounces of bird, or one foot 5J inches square for every 
1 lb. 1 ounce of body. 

In the gannet there is only one foot one square inch of 
wing for every 2 lbs. 4J ounces of body. The gannet has, 
consequently, less than half of the wing area of the heron. 
The gannet'a wings are, however, long narrow wings (those 
of the heron are broad), which extend transversely across the 
body; and these are found to be the most powerful — the 
wings of the albatross- — which measure fourteen feet from tip 
to tip (and only one foot across), elevating 18 lbs. without 
(UfSculty. If the wings of the gannet, which have a super- 
ficial area of three feet three inches square, are capable of 
elevating 7 lbs., while the wings of the heron, which have a 
superficial area of four feet four inches, can only elevate 3 lbs., 
it is evident (seeing the wings of both are twisted levers, and 
formed upon a common type) that the gannet'a wings must 
be vibrated with greater energy than the heron's wings ; an<i 
this is actually the case. The heron's wings, as I have ascer- 
tained from observation, make 60 down and 60 up strokes 
every minute ; whereas the wings of the gannet, when ths 
bird is flying in a straight line to or from its fishing-ground, 
make dose upon ISO tip and 150 down strokes during the 
same period. The wings of the divers, and other sliort-winged, 
heavy-bodied birds, are urged at a much higher speed, so that 
comparatively small wings can be made to elevate a compa- 
ratively heavy body, if the speed only be increased suffi- 
ciently.^ Flight, therefore, as already indicated, is a ques- 
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tion of power, speed, and small surfaces vm-mis we^ht. 
Elaborate measurements of wing, area, and minute calculations 
of speed, can consequently only determine the minimum of 
wing for elevating the maximum of weight — flight being 
attainable within a comparativdy wide range. 

Wings, their Foivt, etc.: all Wings Screws, strudumlly and 
fwndioiuUly. — Wings vary considerably as to their general 
contour; some being falcated or scythe^like, some oblong, 
some ronnded or circular, some lanceolate, and some linear.^ 

AH wings are constructed upon a common type. They 
are in every instance ca.r(;fully graduated, the wing tapering 




th« specimen, while being 
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from the root towards the tip, and from the anterior margin 
in the direction of the posterior margin. They are of a 
generally triangular form, and twisted upon themselves in the 
direction of their lengtli, to form a helix or screw. They 
are convex above and concave below, and more or less flexible 
and elastic throughout, the elasticity being greatest at the 
tip and along the posterior margin. They are also moveable 
in all their parts. Figs. 61, G2, 63 (p. 138), 59 and 60 
(p. 126), 96 and 97 (p. 176), represent typical bird winga; 
figs. 17 (p. 3B), 94 and 95 (p. 175), typical bat wings; and 
figs. 57 and 58 (p. 125), 89 and 90 (p. 171), 91 (p. 172), 92 
and 93 (p. 174), typical insect wings. 

1 " The wing is sliort, broad, eonveit, and rounded in grouse, pBrtridgwi, 
and other rasoies ; long, broad, straight, anJ pointed in nio»t pigeons. In tli's 
pevegrina faU-un it is aciiniiiiate, the aeiMnd qnili lietiig longest, and the first 
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least in the light-bodied and ample-winged ones, particularly 
such as skim or glide. The mechanical action of the elastic 
ligaments, I need scarcely remark, insures an additional 
period of repose to the wing at each stroke ; and this is a 
point of some importance, as showing that the lengthened 
and laborious flights of insects and birds are not without 
their stated intervals of rest 

All wings are furnished at their roots with some form of 
universal joint which enables them to move not only in aa 

little shorter ; and in the swallows this is still more the ease, the first quill 
being the longast, the rest rapidly diminishing in length."— Macgillivray, 
Hist. Brit. Birds, »ol. i. p. 32. " The hawks have been claBSBd as nohle or 
jgnohle, according to the length and aharpneaa of their wings ; and the fal- 
cons, or long-wiuKed hawka, are distinguialied from the short-winged ones by 
the second feather of the wing being either the longest or equal in length to 
the third, and by the nature of the stoop made in pnrsnit of their prey."— 
Falconry in the Britisii Isles, by F. H. Salvln and W. Brodritii. Lonit ISiJS, 
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upward downmiJ forward orb'w.kward directiun but <tl o 
at various mtennt,di<tte degrees of olliquiti AH win^s 
obtain their leveiage bj pre'ieDtmg oblique surficea to the 
air the degree of obhquity gradually incieasuig in a direction 
fiom behind forwaids and downwards dunng extension and 
the down &ttoke and graduillj decreasing in an opposite 
direction dunng flexion and the up stroke 

In the insect the oblique surfices are due to the confoima 
tion of the shoulder pint this bem^ furnished with % system 
of check ligament and with h irni prominences or stofs set 




FiQ. 6S.- The Lapwing, or Gre«n VlomtifaneUus atetalus Ueyer). with 013 
wing (0 6, W aV) fully exleadod, and ibrmLiig a long levar, On, oUier (d ef, 
c &) b^og in a Boied CDDdltiOD and (brmitig n sboit lerer. In tbe extended 
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Jifi poatarlor or uln margin (o^ bydot _, 

i ttda bappens dnrlnfr fiwm, the anterior 

(ft, <./) being dinotsd doaimarda tDiJbrvxcrda Ivide airowX tbe poMedor 
arUibimaraFa(dA)b«tKlngUMTDVlni^ttetbera<fptAmJ«andAii<iJn()ard>. The 
wll^s tlier«bre twist in oppoflito dlrectkou wiring exten^on and dejdcpn; 
and tUa la a point of tbe aUnost Importanoe In the aotiou of all winga. as it 
mabtee tbe nuant anhnal to rotate the wings on and olT tbe air, and to pre- 
sent at one time 0n orCenalan) realatlng, blt&llke au^c£9, and at another (in 
Serlon) hnlt^Uhe and compoiatliely nan-realatlDg anrtacea. It rarely hsppena 
In flight that ths wb« (d ef, e 6) ia so Mlly Beiad aa in tha figure. Ae a con. 
aequenee, the under anrlhce of tlie wing le^ aaarule. Inclined upwards and for- 
wai^a,«ven in 0e?clon, ao that It acts as a kits in ajitension and Bexlon,fijid 
during the Dp and down atiokeB.— (W^^na/. 

IB nearly as may fee, at right angles to each other. The 
check-ligaments and horny prominences are so arranged that 
when the wing is made to vibrate, it is also made to rotate 
in the direction of its length, in the manner explained. 

In the bat and bird the oblique surfaces are produced by the 
spiral configuration of the articular surfaces of tbe bones of 
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the wing, and by the rotation of the bones of the ann, fore- 
arm, and hand, upon their long axes. The reaction of the 
air also assists in the production of the oblique surfaces. 

That the wing twists upon itself structurally, not only in 
the insect, but also in the bat and bird, any one may readily 
satisfy himself by a careful examination; and that it twists upon 
itself during its action I have had the most convincing and re- 
peated proofs (figs. 64, 65, and 60). The twisting in question 




is most mark 1 ntheposter or or thin margin of the wing, the 
anterior and thicVer margin performing more the part of an axis. 
As a result of this arrangement, the anterior or thick margin 
cuts into the air quietly, and aa it were by stealth, the posterior 
one producing on all occasions a violent commotion, especially 
perceptible if a flame be exposed behind the vibrating wing. 
Indeed, it is a matter for surprise that the spiral conformation 
of the pinion, and its spiral mode of action, should have 
eluded observation so long ; and I shall be pardoned for 
dUating upon the subject when I state my conviction that it 
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forms the fundamental and distinguishing featui* in flight, 
and must be taken into account by all who seek to solve 
this most involved and interesting problem by artificial means. 
The importance of tlie twisted configuration or screw-Iilte 
form of the wing cannot be over-estimated. That this 
shape is intimately associated with flight is apparent from 
the fact that the rowing featliers of the wing of the bird are 
every one of them distinctly spiral in their nature ; in fact, 
one entire rowing feather is equivalent — morphologically and 
physiologically— to one entire insect wing. In the wing of 
the martin, where the bones of the pinion are short and in 
some respects rudimentary, the primary and secondary feathers 
are greatly developed, and banked up in such a manner that 
the wing as a whole presents the same curves aa those dis- 
played by the insect's wing, or by the wing of the eagle where 
the bones, muscles, and feathers have attained a maximum 
development. The conformation of the wing is such that it 
presents a waved appearance in every direction — the waves 
running longitudinally, transversely, and obliquely. The 
greater portion of the pinion may consequently be removed 
without materially affecting either its form or its functions. 
This is proved by making sections in various directions, and 
by finding, as has been already shown, that in some instances 
as much as two-thirds of jhe wing may be lopped ofl' without 
visibly impairing the power of flight. Tlie spiral nature of 
the pinion is most readily recognised when the wing is seen 
from behind and from beneath, and when it k foreshortened. 
It is also well marked in some of the long-winged oceanic 
birds when viewed from before (figs. 82 and 83 p 158) and 
cannot escape detection under any ciri,um&tance8 if sought 
for, — the wing being essentially composbd of a congenes of 
curves, remarkable alike for their apparent simplicity ind the 
subtlety of their detail. 

T)ie Wisuf during Us action remises its PI nes and desaibes a 
Fiiflire-of-8 trade in Bpace,—1ha twisting or rotating of the 
wing on its long axis is particularly observable during exten- 
sion and flexion in the bat and bird, and likewise in the 
insect, especially the beetle, cockroach, and such as fold 
tlieir wings during repose. In these in extreme flexion 
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the anterior or thick margin of the wing is directed down- 
wards, and the posterior or thin one upwards. In the act of 
extension, the margins, in virtue of tlie wing rotating upon its 
long axis, reverse their positions, the anterior or thicls margins 
describing a spiral course from below upwards, the posterior 
or thin margin describing a similar but opposite course from 
above downwards. These conditions, I need scarcely observe, 
iire reversed during flexion. The movements of the margins 
during flexion and extension may be represented with a con- 
siderable degree of accuracy by a figure-of-8 laid horizontally. 
In the bat and bird the wing, wlien it ascends and de- 
scends, describes a nearly vertical flgure-of-8. In the insect, 
the wing, from the more oblique direction of the strote. 




describes a nearly horizontal flguie of 8 In either c 
M ing reciprocates, and, as i rule, reverses its planes The 
down and up stroke', -ti will he seen from this <iccount, cross 
p^^h other as shown more piiticuliily at figs 67, 68, 69, 
and 70 

In the w lip fho wing commences the down nr forward 
btioke at ' of fig'- G7 and 69, and maki ^ an ingk of some- 



.y Google 



142 AKIMAL LOCOMOTIOS. 

tiling like 45° with the horizon {x a^. At b (figs. 67 and 69) 
the angle is slightly diminished, partly because of a rotation 
of the wing along its anterior margin {long axis of wing), 
}>artly from increased speed, and partly from the posterior 
margin of the wing yielding to a greater or less extent. 

At c the angle is still more diminished from the same 
causes. 

At d the wing is slowed slightly, preparatory to reversing, 
and the angle made with the horizon (x) increased. 

At 6 the angle, for the same reason, is still more increased; 
while at /the wing is at right angles to the horizon. It is, 
in fact, in the act of reversing. 

At ff the wing is reversed, and the up ot back stroke 
commenced. 

The angle made at g is, consequently, the same as that 
made at a (iS'), with this difference, that the anterior margin 
and outer portion of the wing, instead of being directed for- 
wards, with reference to the head of the insect, are now 
directed haekwards. 

During the up or backward stroke all the phenomena are 
reversed, as shown at ^ A iji^ of figs. 68 and 70 (p. 141); the 
only difference being that the angles made by the wing with 
the horizon are somewhat less than during the down or forward 
stroke — a circumstance which facilitates the forward travel 
of the body, while it enables the wing during the back stroke 
still to afford a considerable amount of support. This 
arrangement permits the wing to travel backwards while the 
body is travelling forwards ; the diminution of the angles 
made by the wing in the back stroke giving very much the 
same result as if the wing were striking in the direction of 
the travel of the body. The slight upward inclination of the 
wing during the back stroke permits the body to fall down- 
wards and forwards to a slight extent at this peculiar junc- 
ture, the fall of the body, as has been already explained, 
contributing to the elevation of the wing. 

The pinion acts as a helix or screw in a more or less hori- 
zontal direction from behind forwards, and from before back- 
wards; but it likewise acts as a screw in a nearly vertical 
direction. If the wing of the larger domestic fly be viewed 
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during its vibrations from above, it will be found that the 
blur or impression produced on the eye by its action is more 
or less concave (fig. 66, p. 139). This is due to the fact 
that tho 'wing is spiral in its nature, and because during its 
action it twists upon itself in such a manner as to describe a 
double curve, — the one curve being directed upwards, the 
other downwards. The double curve referred to is particularly 
evident in the .flight of birds from the greater size of their 
wings. The wing, both when at rest and in motion, may not 
inaptly be compared to the blade of an ordinary screw pro- 
peller as employed in navigation. Thus the general outline 
of the wing corresponds closely with the outline of the blade 
of the propeller, and the track described by the wing in 
space is twisted upon itself propeller fashion. The great 
velocity with which the wing is driven converts the impres- 
sion or blur into what is equivalent to a solid for the time 
being, in the same way that the spokes of a wheel in violent 
motion, as is well understood, completely occupy the space 
contained within the rim or circumference of the wheel (figs, 
64, 65, and 06, p. 139). 

The figure-of-8 action of the wing explains how an insect, 
bat, or bird, may fix itself in the air, the backward and for- 
ward reciprocating action of the pioion affording support, but 
no propulsion. In these instances, the backward and forward 
strokes are made to counterbalance each other. 

The Wing, when ad/vancmg icith the Body, describes a Looped 
a/nd Waved Traek.—AXthon^ the figure-of-8 represents with 
considerable fidelity the twisting of the wing upon its long axis 
during extension and flexion, and during the down and up 
strokes when the volant animal is playing its wings before an 
object, or still better, when it is artificially fixed, it is other- 
wise when it is free and progressing rapidly. In this case the 
wing, in virtue of its being carried forward by the body in 
motion, describes first a looped and then a waved track. This 
looped and waved track made by the wing of the insect is re- 
presented at figs. 71 and 73, and that made by the wing of 
the bat and bird at fig. 73, p. 144. 

The loops made by the wing of the insect, owing to the 
more oblique stroke, are more horizontal than those made by 
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the wing of tlie bat and bird. The principle la, liowever, in 
both cases the same, the loops ultimately terminating in a 
waved track. The impulse is communicated to the insect 
wing at the heavy parts of the loops ahcdefghijklmn 
of fig. 71 ; tlie waved tracks being indicated sAp qr st o'i 
the same figure. The recoil obtained from the air is repre- 
sented at corresponding letters of fig. 72, the body of the 




insect being carried along the curve indicated by the dotted 
line. The impulse is communicated to the wing of the bat 
and bird at the heavy part of the loops a hcd efffhij klmno 
of fig. 73, the waved track being indicated &t p s i u v w of 
this figure. When the horizontal speed attained is high, the 
wing is successively and rapidly brought into contact with 
innumerable columns of undisturbed air. It, consequently, is 
■ a matter of indifference whether the wing is carried at a high 
speed against undisturbed air, or whether it operates upon air 
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travelling at a high speed (as, 'e.g. the attificial currents pro- 
duced by the rapidly reciprocating action of the wing). The 
result i% the same in both cases, inasmuch as a certain quan- 
tity of air is worked up under the wing, and the necessary 
degree .of support and progression extracted from it. It is, 
therefore, quite correct to state, that as the horizontal speed 
of the body increases, the reciprocating action of the wing de- 
creases ; and vice versd. In fact the reciprocating and non- 
reciprocating action of the wing in such eases is purely a 
matter of speed. If the travel of the wing is greater tlian the 
horizontal travel of the body, then the figure-of-S and the 
reciprocating power of the wing will be more or less perfectly 
developetl •wfording to cirtuni stances If honever the 
horizontal travel of the body is greater than that of the 
wing then it f Hows that no figure of 8 will he described by 
the Win^ that the wmg will not recipiocate to any marked 




FiGB. t4 and T'^ show tba moTp or leas [mpendlculardFrectloa of the etro^doftlig 
wing in the flight r,t the bird (gull)— how the wing ts ffradnflllj eilEnded HS It 
fs efevoled {e/n of flg. Tii-hnw it dosrcDfla as n long lever until it assumes 
theposiUon indiested by h of &g. T3— how it is Berei towards the termhiAUon 
ol the down Btralie,ss sliowo at Afjofflg. IS, to convert it Into a short lerer 

(a*) and propare it for making tb ■--"— '™- "" '- '^- ' ''^ 

oflfaen' ■ ■ - ■ ■ - 



be wingdiirlne flexion and extension ts Indicated by the short and long 
rs a A and oaf flg. 13. The andden inversion af tba wing from a long 
into a short iever at Vao end of the down alroke is of great impor^nce. as it 
robs the wing of its momentum, and prepares ft tbr reversing ris xoorementa. 
Compare wiUi Bga. 32 and Si. p. ]53.— OW^ai. 

extent ; and that the organ will describe a waved track, the 
curves of which will become less and less abrupt, i.e. longer 
and longer in proportion to the speed attained. The more 
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vertical direction of the loops formed by the wing of the bat 
and bird will readily be understood by referring to flga, 
74 and 75 (p. 145), which represent the wing of the bird 
making the down and up strokes, and in the act of being ex- 
tended and flexed. (Compare with figa 64, 65, and 66, p. 
139; and figs. 67, 63, 69, and 70, p. Ul.) 

The down and np strokes are compound movements, — tlie 
tennination of the down stroke embracing the beginning of 
the up stroke; the termination of the up stroke including the 
beginning of the do\vn stroke. This is necessary in order 
that the down and up strokes may glide into each other in 
such a maimer as to prevent jerking and unnecessary retarda- 
tion. 

The Margins of the Wing ikrown into opposite Cwves during 
Extension amd Flexion,. — The anterior or thick mai^in of the 
wing, and the posterior or thin one, form diiferent curves, 
similar in all respects to those made by the body of the 
fish in swimming (see fig. 32, p. 68). These curves may, 
for the sake of clearness, be divided into axilkry and distal 
curves, the former occurring towards the root of the wing, 
the latter towards its extremity. The curves (axillary and 
distal) found on the anterior margin of the wing are 
always the converse of those met with on the posterior 
margin, i.e. if the convexity of the anterior axillary curve 
be directed downwards, that of the posterior axilla^ curve 
is directed upwards, and so of the anterior and posterior 
distal curves. Tlie two curves (axillary and distal), occurring 
on the anterior margin of the wing, are likewise antagonistic, 
the convexity of the axillary curve being always directed 
downwards, when the convexity of the distal one is directed 
upwards, and vice versH.. Tlie same holds true of the axillary 
and disfeil curves occurring on the posterior margin of tlie 
wing. The anterior axillary and distal curves completely 
reverse themselves during tlie acts of extension and flexion, 
and so of the posterior axillary and distal curves (figs. 76, 77, 
and 78). This antagonism in tlie axillary and distal curves 
found on the anterior and posterior margins of the wing is 
referable in the bat and bird to changes induced in the bones 
of the wiug in tlio acts of flexion and exteusion. In tlio 
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insect it i.s due to a twisting which occurs at the root of the 
wing and to the reaction of the air. 



Fio. 76. -Curves seen on the anteilor (d c /) ana poatetiur (c a 

the wing nf tlie Unl Id Beximu-OriffiHal. 
Fra. 77- — CarTfl^seen on the Anterior mai^ia {def) of the wiDK i 

sion- In this ease tli« curves on tbe posterior lOBj^in (q i 

Blffll.— Oriffiiial. 



Ok wing in exteiislo 
at flg. 7s. Comiian 



BDterioc (def) and posterior (c n K) margin of 
ComiJare theee Hgs. niUi fig. IS and fig. 32, p. es.~Origtiiiii. 

The Tip of the Bat and Bird's Wing dtjicribes an Ellipse. — 
The movements of the wrist are always the converse of those 
occurring at the elbow-joint. Thus in the bird, during ex- 
tension, the etbow and bones of the forearm are elevated, and 
describe one side of an ellipse, while the wrist and bones of 
the hand are depressed, and describe the side of another 
and opposite ellipse. These movements are reversed during 
flexion, the elbow being depressed and carried backwards, 
while the wrist is elevated and carried forwards (fig. 79). 

Eilension (elbon Flesion (wilat}. 



Fleition (elbow). EnteiiBion (wrist). 

Tliehody "f tlie flsh inewimmingdeatriheseiinilariiucveatnOwBaaeKurihed 
byUisningiuajiitg.— (f<deng.32,p. 63.) 

r/i« JVinff capable of Change of Form in all its Parts^ — From 
this description it follows that when the different portions of 
the anterior mai^n are elevated, corresponding portions of 
the posterior margin are depressed ; the different parts of the 
wing moving in opposite directions, and playing, as it were, 
at cross purposes for a common good ; the object being to 
rotate or screw the wing down upon the wind at a gradually 
iiici'easing angle during extension, and to rotate it iu an 
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Opposite direction and withdraw it at a gradually decreasing 
angle during flexion. It also happens that the axillary and 
distal curves co-ordinate each other and bite alternately, the 
distal curve posteriorly seizing the air in extreme extension 
with its concave surface (while the axillary curve relieves 
itself by presenting its convex surface) ; the axillary curve, on 
the other hand, biting during flexion witli its concave surfece 
(while the distal one relieves itself by presenting its convex 
one). The wing may therefore be regarded as exercising a 
fourfold function, the pinion in the bat and bird being made 
to move from within outwards, and from above downwards 
in the down stroke, during extension; and from without 
inwards, and from below upwards, in the up stroke, during 
flexion. 

The Wing during its Vihralvm produces a Cross Pulsation. — 
The oscillation of the wing on two separate axes — -the ono 
running parallel with the body of the bird, the other at right 
angles to it (fig. 80, a b, c tQ — is well wortliy of atten- 
tion, as showing that the wing attacks the air, on which it 
operates in every direction, and at almost the same moment, 
viz. from within outwards, and from above downwards, 
during the dowu stroke; and from without inwards, and 
from below upwards, during the up stroke. As a corollary 
to the foregoing, the wing may b* said to agitate the air 
in two principal directions, viz. from within outwards and 
downwards, or tlie converse ; and from behind forwards, or 
the converse ; the agitation in question producing two power- 
ful pulsations, a vertical and a horizontal. The wing when 
it ascends and descends produces artificial currents which 
increase its elevating and propelling power. The power of 
the wing is further augmented by similar currents developed 
during its extension aad flexion. The movement of one part 
of the wing contributes to the movement of every other part 
in continuous and uninterrupted succession. As the curves 
of the wing glide into each other when the wing is in motion, 
so the one pulsation merges into the other by a series of 
intermediate and lesser pulsations. 

The vertical and horizontal pulsations occasioned by the 
wing in action may be fitly represented by wave-tracks running 
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at right angles to each other, the verticil wive-trick being 
the more distinct. 

Ciimpmiwl Rotatinii of Urn JVing. — Ts w rk the tip and 
posterior mai^in of tlie wing independently and j et simul- 
taneously, two axes are necessary, one axis (the short axis) 
corresponding to the root of the wing inl running across 
it ; the second (the long axis) corresponding to the anterior 
roargin of the wing, and running in the direction of its length. 
The long and short axes render the movements of the wing 
ecceiltrifi in character. In the wing of the bird the movements 
of the primary or rowing feathers are also eccentric, the shaft 
of each feather being placed nearer the anterior than the pos- 
terior maigin ; an arrangement which enables the feathers to 
open up and separate during flexion and the up stroke, and 
approximate and close during extension and the down one. 

These points are Ulustrated at fig. 80, where a h represents 




the short axis (root of wing) with a radius ef;cd represent- 
ing the long axis (anterior margin of wing) with a radius j/j;. 
Fig. 80 also shows that, in the wing of the bird, the indi- 
vidual, primary, secondary, and tertiary feathers have each 
what is equivalent to a long and a short axis. Thus the 
primary, secondary, and tertiary feathers marked k, i,j, k, I are 
capahle of rotating on their long axes (r s), and upon their 
short axes (m «}. The feathers rotate upon their long axes 
in a direction from below upwards during the down stroke, 
to make the wing impervious to air; and from above down- 
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wards during the up stroke, to enable the air to pass through 
it. The primary, secondary, and tertiary feathers have thus 
a distinctly valvuhir action.^ The feathers rotate upon their 
short axes (wi n) during the descent and aacent of the wing, 
the tip of the feathers rising slightly during the descent of 
the pinion, and falling during its ascent. The same move- 
ment virtually takes place in the posterior margin of the 
wing of the insect and hat 

I'lte Wing vibrates unequaUt/ with reference to a given Line. — 
The wing, during its vibration, descends further beloW the 
body than it rises above it. This is necessary for elevatktg 
purposes. In like manner the posterior margin of the wing 
(whatever the position of the otgan) descends further below 
the anterior margin than it ascends above it This is re- 
quisite for elevating and p-apdling pu^-poses; the under surface 
of the wing being always presented at a certain upwai'd angle 
to the horizon, and acting as a true kite (figs. 82 and 83, p. 
158. Compare with fig. 116, p. 231). If the wing oscil- 
lated equally above and beneath the body, and if the pos- 
terior margin of the wing vibrated equally above and below 
the line formed by the anterior margin, much of its elevating 
and propelling power would be sacrificed. Tlie tail of the 
fish oscillates on either side of a given line, but it is other- 
wise with the wing of a flying animal. The fish is of nearly 
the same specific gravity as the water, so that the tail may 
be said only to propel. The flying animal, on the other 
hand, is very much heavier than the air, so that the whig re- 
quires both to propel and elevate. The wiug, to be effective as 
an elevating organ, must consequently be vibrated rather below 
than above the centre of gravity ; at all events, the intensity 
of the vibration should occur rather below tliat point. In 
making this statement, it is necessary to bear in mind that 
the centre of gravity is ever vai-ying, the body rising and falling 
in a series of curves as the wings ascend and descend. 

To elevate and propel, the posterior margin of the wing must 
rotate round the anterior one ; the posterior niai^in being, as 
a rule, always on a lower level than the anterior ona By 
the oblique and more vigorous play of the wings mtdei- rather 
than above the body, each wing expends its entire energy in 
' The degree of valviilni' uction values neconling to clroniastnnces. 
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pushing the body upwards and forwards. It is necessary that 
the wings descend further than they ascend ; that the wings 
be amvex on tlieir upper surfaces, and emuave on their under 
ones: and that the concave or biting surfaces be brought 
more violently in contact with the air during the down stroke 
than the convex ones during the up strote. The greater 
range of the wing below than above the body, and of the 
j.osterior margin below than above a given line, may be 
readily made out by watching the flight of the larger birds. 
It is- well seen in the upward ilight of the lark. In the 
hovering of the kestrel over its quarry, and the hovering of 
the gull over garbage which it is about to pick up, the wings 
play above and on a level with the body rather than below 
it ; but these are exceptional movements for special purposes, 
and as they are only continued for a few seconds at a time, 
do not affect the accuracy of the general statement. 

Poinia wherdit the Screws fiyrmed hy to Wings differ from ilwse 
employed in navigation. — 1. In the blade of the ordinary screw 
the integral parts are rigid and unyielding, whereas, in the 
blade of the screw formed by the wing, they are mobile and 
plastic (figs. 93, 95, 97, pp. 174, 175, 176). This is a curious 
and interesting point, the more especially as it does not seem 
to be either appreciated or understood. The mobility and 
plasticity of the wing is necessary, because of the tenuity of 
the air, and because the pinion is an elevating and sustaimng 
organ, as well as a propelUnff one. 

2. The vanes of the ordinary two-bladed screw are short, 
and have a comparatively limited range, the i-ange corre- 
sponding to their area of revolution. The mngs, on the 
other hand, are long, and have a comparatively wide range; 
and during their elevation and depression rush through 
an extensive space, the slightest movement at the root or 
short axis of the wing being followed by a gigantic up 
or down stroke at the other (fig. 56, p. 120; figs. 64, 65. 
and 66, p. 139 ; figs. 82 and 83, p. 158). As a consequence, 
the wings as a rule SMt upon successive and undisturbed strata 
of air. The advantage gained by this arrangement in a thip 
medium like the air, where the quantity of air to be com 
rily great, is simply incalculable. 
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3. In the ordinary screw the blades follow each other in 
rapid succession, so that they travel over nearly the same 
space, and operate upon nearly the same particles (whether 
water or air), in nearly the same interval of time. The 
limited range at their disposal is consequently not utilized, the 
action of the two blades being confined, as it were, to the 
same plane, and the blades being made to precede or follow 
each other in such a manner as necessitates the work beuig 
virtually performed only by one of them. This is particularly 
the case when the motion of the screw is rapid and the mass 
propelled is in the act of being set in motion, i.6. before it 
has acquired momentum. In this instance a large percentage 
of the moving or driving power is inevitably consumed in 
slip, from the fact of the blades of the screw operating on 
nearly the same particles of matter. The wings, on the other 
hand, do not follow each other, but have a distinct recipro- 
cating motion, i.e. they dart first in one direction, and then 
in another and opposite direction, in such a manner that they 
make during the one stroke the current on which they rise 
and progress the next. The blades formed by the wings 
and the blur or impression produced on the eye by the blades 
when made to vibrate rapidly are widely separated, — the one 
blade and its blur being situated on the right side of the body 
and corresponding to the right wing, the other on the left 
and corresponding to the left wing. The right wing traverses 
and completely occupies the right half of a circle, and com- 
presses all the air contained within this space ; the left 
wing occupying and working up all the air in the left and 
remaining half. The range or sweep of the two wings, when 
urged to their extreme Mmits, corresponds as nearly as may 
be to one entire circle^ (fig. 56, p. 120). By separating 
the blades of the screw, and causing them to reciprocate, 
a double result is produced, since the blades always act upon 
independent columns of air, and in no instance overlap or 
double upon each other. The advantages possessed by this 

' Of this drole, tlie thorax may be regBrded as fonnii^ the centre, tlie 
abdomen, which is always heavier than the head, tilting the Iwdy slightly in 
an upwai'd direction. This tilthr'g ot the trunk favonrs flight by cansiiig the 
body to net after the manner of a kite. 
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arrangement are particularly evident when tlie motion is 
rapid. If the screw employed in navigation be driven beyond 
a certain speed, it cuts out the water contained within its 
blades ; the blades and the water revolving as a solid mass. 
Under these circumstances, the propelling power of the screw 
is diminished rather than increased. It is quite otherwise 
with the screws formed by the wings ; these, because of their, 
reciprocating movements, becoming more and more effective 
in proportion as the speed is increased. As there seems to 
be no limit to the velocity with which the wmgs may be 
driven, and as increased velocity necessarily results in in- 
ci"eased elevating, propelling, and sustaining power, we have 
here a striking example of the manner in which nature 
triumphs over art even in her most ingenious, skilful, and 
successful creations. 

4. The vanes or blades of the screw, as commonly con- 
structed, are fixed at a given angle, and consequently always 
strike at the same degree of obliquity. The speed, moreover, 
with which the blades are driven, is, as nearly as may be, 
uniform. In this arrangement power is lost, the two vanes 
striking after each other in the same manner, in the same 
direction, and almost at precisely the same moment, — no 
provision bemg made for increasing the angle, and the pro- 
pelling power, at one stage of the stroke, and reducing it at 
another, to diminish the amount of slip incidental to the 
arrangement. The wings, on the other hand, are driven at a 
varying speed, and made to attack the air at a great variety 
of angles ; the angles which the pinions make with the hori- 
zon being gradually increased by the wings beii^ made to 
rotate on their long axes during the down stroke, to increase the 
elemling and p-opelUng power, and gradually decreased during 
the up stroke, to reduce the resistance occasioned by the wings 
during their ascent. The latter movement increases the suslnin- 
ing area by placing the wings in a more horizontal position. It 
foUowa from this arrangement that every particle of air within 
the wide range of the wings is separately influenced by them, 
both during their ascent and descent, — the elevating, propel- 
Uiig, and sustaining power being by this means increased to a 
L, while the sl^ or waftage is reduced to a 
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These results are further secured by the undulatoiy or waved 
track described by the wing during the down and up 
strokes. It ia a somewhat remarkable circumstance that 
the wing, when not actually engaged as a propeller and eleva- 
tor, acts as a sustainer after the manner of a parachute. This 
it can readily do, alike from its form and the mode of its 
application, the double curve or spiral into which it is thrown 
in action enabling it to lay hold of the air with avidity, in 
whatever direction it is urged. I say " in whatever direction," 
because, even when it is being recovered or drawn off the 
wind during the back stroke, it is chmbing a gradient which 
arches above the body to be elevated, and so prevents it from 
falling. It is difficult to conceive a more admirable, simple, 
or effective arrangement, or one which would more thoroughly 
economize power. Indeed, a study of the spiral configuration 
of the wing, and its spiral, flail-like, lashing movements, in- 
volves some of the moat profound problems in mathematics, 
— the curves formed by the pinion aa a pinion anatomically, 
and by the pinion in action, or physiologically, being exceed- 
ingly elegant and infinitely varied ; these running into each 
other, and merging and blending, to consummate the triple 
function of elevating, propelling, and suslaining. 

Other differences might be pointed out ; but the foregoing 
embrace the more fundamental and striking. Enough, more- 
over, has probably been said to show that it is to wing- 
structures and wing-movements the aeronaut must direct his 
attention, if he would learn " the way of an e^le in the air," 
and if he would rise upon the whirlwind in accordance with 
natural laws. 

The Wing at all limes ifwrougUy mider control. — The wing 
is moveable in all parts, and can be wielded intelligently 
even to its extremity ; a circumstance which enables the 
insect, bat, and bird to rise upon the air and tread it as a 
master — to subjugate it in fact. The wing, no doubt, abstracts 
an upward and onward recoil from the air, but in doing this 
it exercises a selective and controlling power ; it seizes one 
current, evades another, and creates a third ; it feels and 
paws the air as a quadruped would feel and paw a treacherous 
yielding surface. It is not difficult to comprehend why tliis 
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filifiuld be 80. If the flying creature is living, endowed with 
\olition, and capable of directing its own course, it is surely 
more reasonable to suppose that it transmits to its travelling 
surfaces the peculiar movements necessary to progression, than 
that those movements should be the result of impact from 
foituitims currents which it has no means of regulating. That 
the bird, e.g. requires to control the wing, and that the wing 
requires to be in a condition to obey the behests of the will 
of the bird, is pretty evident from the faet that most of our 
domestic fowls can fly for considerable distances when they 
are young and when their wings are flexible ; whereas when 
they are old and the wings stiff', they either do not fly at all 
or only for sbort distances, and with great difliculty. This 
is particularly the case with tame swans. This remark also 
holds true of the steamer or race-horse duck [Anas hracky- 
vtm-a), the younger specimens of which only are volant. In 
older birds the wings become too rigid and the bodies too 
heavy for flight. Who that has watched a sea-mew struggling 
bravely with the storm, could doubt for an instant that the 
wings and feathers of the wings are under control ? The whole 
bird is an embodiment of animation and power. The intelli- 
gent active eye, the easy, graceful, oscillation of the head and 
neck, the folding or partial folding of one or both wings, nay 
more, the slight tremor or quiver of the individual feathers 
of parts of the wings so rapid, that only an experienced eye 
can detect it, all confirm the belief that the livii^ wing has 
not only the power of directing, controlling, and utilizing 
natural currents, but of creating and utilizing artificial ones. 
But for this power, what would enable the bat and bird to 
rise and fly in a calm, or steer their coiurse in a gale 1 It is 
erroneous to suppose that anything ia lelt to chance where 
living organisms are concerned, or that animals endowed with 
volition and travelling surfaces should be denied the privilege 
of controlling the movements of those surfaces quite independ- 
ently of the medium on which they are destined to operate. 
I will never forget the gratification afforded me on one occa- 
sion at Carlow (Ireland) by the flight of a pair of magnificent 
swajis. The birds flew towards and past me, my attention 
having been roused by a peculiarly loud whistling noise 
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made by tlieir winga. They flew about fifteen yards from the 
ground, and as their piniftns were urged not much faster than 
those of the heron,^ 1 had abundant leisure for studying their 
movements. The sight was very imposing, and as novel as it 
was grand. I had seen nothing before, and certainly have 
seen nothing since that could convey a more elevated concep- 
tion of the prowess and guiding power which birds may 
exert. What particularly struck me was the perfect command 
they seemed to have over themselves and the medium they 
navigated. They had their wings and bodies visibly under 
control, and the wr was attacked in a manner and with an 
energy which left little doubt in my mind that it played quite 
a subordinate part in the great problem before me. The 
necks of the biixls were stretched out, and their bodies to a 
great extent rigid. They advanced with a steady, stately 
motion, and swept past with a vigour and force which greatly 
impressed, and to a certain extent overawed, me. Their 
flight was what one could ima^e that of a flying machine 
constructed in accordance with natural laws would be.^ 

T/ie Natural Wing, wlim elevated and dqn-essed, must move 
forwards, — It is a condition of natural wings, and of artiflcial 
wings constructed on the principle of living wings, that when 

' I have frequently timed tlie beats of the wings of the Common Heron 
{Ardea einerea) in a heronry at Warren Point. In March 1869 I was placed 
under unuanaliy favonrable circumstances for obhuning truatworthy results. 
I timed one bird high up over a lake in the vicinity ot the heromy for fifty 
seconds, and fonnd that in that period it made fifty down and fifty up strokes ; 
i.e. one down and one up stroke per second. I timed another one in the 
heronry itself. It was snowing at the time (March 1369), but the birds, not- 
withstanding the inclemency of the weather and the early time of the year, 
were actively engaged in hatching, and required to be driven from their 
nests on the lop of the laiclt trees by knocking [gainst the trunks thereof with 
lai^e sticks. One nnttsually anxious mother refused, to leave the immediate 
neighbonrliood of the tree eontaining her lender cliai^, and circled round and 
round It right overhead. I timed this bird for ten seconds, and found that 
she made ten down and ten up strokes ; ».e. one down and one np stroke 
per second precisely as before. I have therefore no hesitation in alllmiing 
that the lieron, in ordinary fl^ht, makes exactly sixty down and sixty up 
strokes per minnta. The heron, however, lilie all other bii'ds when pursued 
or agitated, has the power of greatly augmentiug the number of beats made 
by its wings. 

'^ The aliove observation was made at Carlow on the Bartov/ in OcLubut 
1367, and the account of it is taken from my nots-book. 
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forcibly eleTated or depressed, even in a strictly vertical 
diiection, they inevitably dart forward. Tliis is well shown 
in fig. 81. 



If, for example, the wing is suddenly depressed in a verikal 
direction, as represented at a h, it at once darts downwards 
and forwards in a curve to c, thus converting the vertical 
down stroke into a doien obligue foiteard stroke. If, again, the 
wing be suddenly elevated in a strictly vertical direction, as 
at 6 d, the wing as certainly darts upwards and forwards in 
a curve to e, thus converting tlie vertical up strobe into an 
u]m:ard oUiqm forward sirohe. The same thing happens when 
the wing is depressed from e to f, and elevated from g toh. 
In both cases the wing describes & waved track, as shown at 
e ^,g i, which clearly proves that the wing strikes dotaiuwds 
and forwards during the down stroke, and vpwards and forwards 
during the up stroke. The wing, in fact, is always advancing ; 
its under surface attacking the air like a boy's kite. If, on 
the other hand, the wing be forcibly depressed, as indicated 
by the heavy waved line a c, and left to itself, it will as surely 
rise again and describe a waved track, as thown at c e. This 
it does by rotating on its long axis, and in virtue of its flexi- 
bility and elasticity, aided by the recoil obtained from the 
air. In other words, it is not necessary to elevate the wing 
forcibly in the direction edio obtain the upward and forward 
movement e e. One single impulse communicated at a causes 
the wing to travel to e, and a second impulse communicated 
at e causes it to travel to *. It follows from this that a series 
of vigorous down impulses would, if a certain interval were 
allowed to elapse between them, beget a corresponding series of 
up impulses, in accordance with the law of action and i-e- 
action; the wing and the air under these circumstances being 
alternately active and passive. I say if a curtain interval 
were allowed to elapse between every two dowji strokes, but 
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this is practically impossible, as the wing is driven with such 
velocity that there is positively no time to waste in waiting 
for the purely mechanical ascent of the wing. That the 




nt-fl. oi imu i» mivn uiui ivucu hid ni")?l '1* elCTlltettfc/, J Of fig. SS) (he 
body mils (j nf lig. 82) ; Mid fiiat wLeu tlie wti«s are dspreBaed (ft, I, j of 
tK- SS) the bndy ia elevated (r ut fig. £3). Fig. S3 sliows tbat ike nin^are 

when ther are gnduan; eipanled (f, g) to prEpsre tliem tor mdclDg ttae 
down stnilte. Pip. S3 nhowo tlint Uie winga desoend as loi^ levers (*] until 
towarda the teTmuiatlon of the down atfoke, ivbea diey are gradiully folded 
or Hexed <t, J), to lObthem of their momentum and prepare them for making 
the dp atroke. Compare -wjth figa. V4 and 76, p. Uf>- Sy thla means the air 
beneath tba wln^ is yigtronaly eeiaed duTing tba dovn atrokej while that 

wings and the torwaid travel of the body cDntribut* to this reault. The 
wings, it sill be nbsecred. <£t as a paraehnte both during the up and down 
atrukes. Compare with Bg. 55, p. 112. Fij. ?3 shows, in addition, the cmB- 

fli I) B, mid upon o c fc as a centre, witli a nidina 1 1. Compare with flg, 80, 

ascent of the pinion is not, and ought not to be entirely due 
to the reaction of the air, is proved by the fact that in flying 
creatures (certainly in the bat and bird) there are distinct 
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elevator muscles and elastic ligaments delegated to the per- 
formance of this function. The reaction of the air is there- 
fore only one of the forces employed in elevating the wing ; 
the others, as I shall show presently, are vital and vito- 
mechanical in their nature. The falling downwards and for- 
wards of the body when the wings are ascending also contri- 
bute to this result. 

The Wing ascends wlien the Body descends, and vice versS,. — 
As the body of the insect, bat, and bird fails forwards in a 
curve when the wing ascends, and is elevated in a curve when 
the wing descends, it follows that the trunk of the animal is 
urged along a waved line, as represented at 1, 2, 3, 4, 5 of 
fig. 81, p. l57 ; the waved line a c e gi o{ the same figure 
giving the track made by the wing. I have distinctly seen 
the alternate rise and fall of the body and wing when watch- 
ing the flight of the gull from the stem of a steam-boat. 

The direction of the stroke in the insect, as has been already 
explained, is much more horizontal than in the bat or bird 
(compare figs. 82 and 83 with figs. 64, 65,and 66, p. 139). In 
either case, however, the down stroke must be delivered in a 
more or less forward direction. This is necessary for support 
and propulsion. A horizontal to-and-fro movement will elevate, 
and an up-and-down vertical movement propel, but an oblique 
forward motion is requisite for progressive flight. 

In all wings, whatever their position during the intervals 
of rest, and whether in one piece or in many, this feature is 
to be observed in flight. The wings are slewed downwards 
and forwards, i.e. they are carried more or less in the direc- 
tion of the bead during their descent, and reversed or carried 
in an optjosite direction during their ascent. In stating that 
the wings are carried away from the head during tlie back 
stroke, I wish it to be understood that they do not therefore 
necessarily travel backwards in space when the bisect is fiying 
forwards. On the contrary, the wings, as a rule, move for- 
ward in curves, both during the down and up strokes. The 
fact is, that the wings at their roots are hinged and geared to 
the trunk so loosely, that the body is free to oscillate iu a 
fonvard or backward direction, or in an up, down, or oblique 
direction. As a consequence of this freedom of movemen*. 
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ami as a consequence likewise of the speed at wliieii the insect 
is travelling, tlio wiiigs during the back stroke are for the 
most part actually travelling forwards. This is accounted for 
by the tact, tliat tlie body falls downwards and forwards in a 
curve during the up or return stroke of the wings, and be- 
cause the horizontal speed attained by the body is as a rule 
so much greater than that attained by the wings, that the 
latter are never allowed time to travel backward, the lesser 
movement being as it were swallowed up by the greater. For 
a similar reason, the passenger of a steam-ship may travel 
rapidly in the direction of the stem of the vessel, and yet be 
carried forward in space, — the ship sailing much quicker than 
he can walk. While the wing is descending, it is rotating 
upon its root as a centre (short axis). It is also, and this is 
a most important point, rotating upon its anterior margin 
(long axis), in such a manner as to cause the several parts 
of the wing to assume various angles of inclination with the 
horizon. 

Figs. S4 and 85 supply the necessary illustration. 

FJO, K4. 




^^^?^^?v4v>r 



In flexion, as a rule, the undir surface of the wing (fig. 84 
a) is arranged in the same plane witli the body, both being in 
a line with or making a slight angle wjth the hoiizon (a; x)} 

' It happens oeeaaionHlly ill insects that tie posterior margin of the wing 
is on a holier level than the anterior one towanlB the termination of the up 
stroke. In such eases the posterior niajgiu is suddenly rotated in a downward 
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When the wing is made to descend, it gradually, in virtue of 
its simultaneously rotating upon its long and short axes, 
wakes a certain angle witli the horizon as represented at 6. 
Tlie angle is increased at the termination of the down stroke 
as shown at c, so that the wing, particularly its posterior 
margin, during its descent (^), is screwed or crushed down 
upon the air with its concave or biting surface directed for- 
wards and towards the earth. The same phenomena are 
indicated at « S c of fig. 85, but in this figure the wing is 
represented as travelling more decidedly forwards during its 
descent, and this is characteristic of the down stroke of tlie 
insect's wing — the stroke in the insect being delivered in a 
very oblique and more or less horizontal direction (figs. 64, 
65, and 68, p. 139 ; fig. 71, p. 144). The forward travel of 
the wing during its descent has the effect of diminishing the 
angles made by the under surface of the wing with the hori- 
zon. Compare h c (/of fig. 85 with the same letters of fig, 84. 




At fig. 88 (p. 166) the angles for a similar reason are still 
further diminished. This figure (88) gives a very accurate 
idea of the kite-like action of the wing both during its 
descent and ascent. 

The downward screwing of the posterior margin of the 
and forward direction at Hie beginning of the down stroke— tlie downward and 
forward rotation securing additional elevating power for the wing. Tlie pos- 
terior margin of the wing in bats and hii'ds, nnless they are flying downwards, 
never rises above the anterior one, either dnring the np or down strobe. 
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wing during the do\vn stroke is well seen in the dragon-fly, 
represented at fig. 86, p. 161. 

Here the arrows rs indicate the range of the wing. At 
the beginning of tlie down stroke the upper or dorsal sur- 
face of the wing (i d f) is inclined slightly upwards and for- 
wards. As the wing descends the posterior margin (if) 
twists and rotates round the anterior margin (i (f), and greatly 
increases the angle of inclination as seen at ij,ffh. This rota- 
tion of the posterior margin (if) round the anterior mai'gin 
(ff A) has the effect of causing the different portions of the under 
sur&ce of the wing to assume various angles of inclination 
with the horizon, the wing attacking the air like a boy's kite. 
The angles are greatest towards the root of the wing and least 
towards the tip. They accommodate themselves to the speed 
at which the different parts of the wing travel — a small 
angle with a high speed giving the same amount of buoying 
power as a larger ai^le with a diminished speed. The screw- 
ing of the under surface of the wing (particularly the posterior 
mai^in) in a downward direction during the down stroke is 
necessary to insure the necessary upward recoil; the wing 
being made to swing downwards and forwards pendulum 
fashion, for the purpose of elevating the body, which it does by 
acting upon the air as a long lever, and after the manner of a 
kite. During the down stroke the wing is active,the air passive. 
In other words, the wing is depressed by a purely vital act. 

The down stroke is readily explained, and its results 
upon the body obvious. The real diffi.cuity begins with 
the up or return stroke. If the wing was simply to travel in 
an upward and backward direction from c to a of fig. 84, 
p. 1 60, it is evident that it would experience much resistance 
from the superimposed air, and thus the advantages secured 
by the descent of the wing would be lost. What really 
happens is this. The wing does not travel upwards and 
ktchcards in the direction cita ot iig. 84 (the body, be it 
remembered, is advancing) but upwards and f<n-wards in the 
direction c d e f g. This is brought about in the following 
manner. Tlie wing is at right angles to the horizon {x dT) at 
c. It is therefore caught by the air at the point (2) because 
of the more or less horizontal travel of the body ; the elastic 
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ligaments and other structures combined with tiie resistance 
experienced from tlie air rotating the posterior or thin 
margin of the pinion in an upward direction, as sliown at 
defg and dfg of figs. 84 and 85, p. 160. The wing by 
this partly vital and partly mechanical arrangement is rotated 
off the wind in such a manner as to keep its dorsal or non- 
biting surface directed upwards, while its concave or biting 
surface is directed downwards. The wing, in short, has its 
planes so arranged, and its angles so adjusted to the speed 
at which it is travelling, that it darts up a gradient like a 
true kite, as shown at cdefifoi figs. 8i and 85, p. 160, 
or ghi of fig. 88, p. 166. The wing consequently ele- 
vates and propels during its ascent as weU as during its 
descent. It is, in fact, a kite during both the down and up 
strokes. The ascent of the wing is greatly assisted by the 
forward trmd, and dmenward and foiieard fall of the body. 
This view will be readily understood by supposing, what is 
really the case, that the wing is more or less fixed by the air 
in space at the point indicated by 3 of figs. 84 and 85, p. 
160 ; the body, the instant the wing is fixed, falling down- 
wards and forwards in a curve, which, of course, is equivalent 
to placing the wing above, and, so to speak, behind the volant 
animal — in other words, to elevating the wing preparatory to 
a second down stroke, as seen at ff of the figures referred to 
(figs. 8i and 85). The ascent and descent of the wing is 
always very much greater than that of the body, from the fact 
of the pinion acting as a long lever. The peculiarity of the 
wing consists in its being a flexible lever which acts upon 
yielding fulcra (the air), the body participating in, and to a 
certain extent periietuating, the movements originally produced 




by the pinion. The part which the body performs in flight is 
indicated at fig. 87. At a tiie body is depressed, the wing 
being elevated and ready to make tlie down stroke at b. The 
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wing descends in the direction cd, but the moment it begina 
to descend the body moves upwards and forwaTds (see arrows) 
in a curved line to e. As the wing is attached to the body 
the wing is made gradually to assume the position /. The 
body (e), it will be observed, is now on a higher level than 
the wing {/) j the under surface of the latter being so adjusted 
that it strikes upwards and forwards as a kite. It is thus 
that the wing sustains and propels during the np stroke. The 
body (e) now falls downwards and forwards in a curved hno 
t-o 3, and in doing this it elevates or assists in elevating the 
wing to j. The pinion is a second time depressed in tlie 
direction k I, which has the effect of forcing the body along a 
waved track and in an uptmrd diredim until it reaches the 
point m. The ascent of the body and the descent of the 
wing take place simultaneously (mw). The body and wing, 
are alternately above and beneath a given line x k'. 

A careful study of figs. 84, 85, 86, and 87, pp. 160, 161, 
and 103, shows the great importance of the twisted configura- 
tion and curves peculiar to the natural wing. If the wing 
was not curved in every direction it could not be rolled on 
and off the wind during the down and up strokes, as seen 
more particularly at fig. 87, p. 163. This, however, is a vital 
point in progressive flight. The wing (p) is rolled on to the 
wind in the direction ba, its under concave or biting surface 
being crushed hard down with the effect of elevating the body 
to e. The body falls to g, and the wing (/) is rolled off the 
wind in the direction fj, and elevated until it assumes the 
position j. The elevation of the wing is effected partly by 
the fall of the body, partly by the action of tlie elevator 
muscles and elastic ligaments, and partly by the reaction of 
the air, operating on its under or concave biting surface. 
The wing is therefore to a certain extent resting during the 
up stroke. 

The concavo-convex form of the wing is admirably adapted 
for the purposes of flight. In fact, tlie power which the wing 
]>ossesse3 of always keeping its concave or under surface 
directed down'wwds and forwards enables it to seize the air at 
every stage of both the up and down strokes so as to supply 
a persistent buoyancy. The action of the natural wing is 
accompanied by remarkably little slip — tlie elasticity of the 
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organ, the resiliency of the air, and the shortening and 
elongating of the elastic Ugiunents and muscles all co-operating 
and reciprocating in such a manner that the descent of the 
wing elevates the body; the descent of the body, aided by the 
reaction of the air and the shortening of the elastic ligaments 
and muscles, elevating the wing. The wing during the up 
stroke arclies above the body after the manner of a parachute, 
and prevents the bpdy from falling. The sympathy which 
exists between the paxts of a flying animal and the air on 
which it depends for support and progress is consequently of 
the moat intimate character. 

The up stroke (£, D of figs, 84 and 85, p. 160), as will 
be seen from the foregoing account, is a compound movement 
due in some measure to recoil or resistance on the part of the 
air; to the shortening of the muscles, elastic ligaments, and 
other vital structures ; to the elasticity of the wing ; and to 
the falling of the body in a downward and forward direction. 
The wing may be regarded as rotating during the down 
stroke upon 1 of figs. 84 and 85, p. 160, which may he taken 
to represent the long and short ajces of the wing; and during 
the up stroke upon 2, which may be taken to represent the 
yielding fulcrum furnished by the air. A second pulsation ia 
indicated by the numbers 3 and 4 of the same figures (84, 85). 

The Wing acts upon yielding Fulcra. — The chief peculiarity 
of the wing, as has been stated, consists in its being a twisted 
flexible lever specially constructed to act upon yielding 
fulcra (the Mr). Tlie points of contact of the wing with the 
air are represented at al cd ef g hi} kl respectively of 
figs. 84 and 85, p. 160; and the imaginary points of rotation 
of the wing upon its long and short axes at 1, 3, 3, and 4 of 
the same figures. The assumed points of rotation advance from 
1 to 3 and from 2 to 4 l^de ari'ows marked r and s, fig. 85) ; 
these constituting the steps or pulsations of the wing. The 
actual points of rotation correspond to the little loops abed 
f g hi j I of fig. 85. The wing descends at A and G, and 
ascends at B and D. 

The Wing acts as a true Kite loth during the Down and Up 
Strokes. — If, as I have endeavoured to explain, the wing, even 
when elevated and depressed in a strictly vertical direction, 
inevitably and invariably darts forward, it follows as a con- 
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sei^uence that tlie wing, as already partly explained, flies 
forward as a true kite, both during the down and up strokes, 
as shown a.t cdefghijklm of fig. 88; an<J that its under 
concave or biting surfa<», in virtue of the forward travel 
communicated to it by the body in motion, is closely applied 
to the air, both during its ascent and descent — a fact hitherto 
overlooked, but one of considerable importance, as showing 
how the wing furnishes a persistent buoyancy, alike when it 
rises and falls. 



In fig. 88 the greater impulse communicated during the 
down stroke is indicated by the double dotted linos. The 
angle made by the wing with tlie horizon {a I) is constantly 
varying, as a comparison of c with d, d with e, .e with /, / 
with jr. g with h, and h with * will show ; these letters having 
reference to supposed transverse sections of the wing. This 
figure also shows that the convex or non-biting surface of the 
wing is always directed upwards, so as to avoid unnecessary 
resistance on the part of the air to the wing during its ascent; 
whereas the concave or biting surface is always directed down- 
wards, so as to enable the wing to contend successfully with 
gravity. 

ff^re ifie Kite formed by tlie Wing differs from the Bmjs Kite. 
— The natural kite formed by the wing differs from the arti- 
ficial kite only in this, that the former is capable of being 
moved in all its parts, and is more or less flexible and elastic, 
the latter being comparatively rigid. The flexibility and 
elasticity of the kite formed by the natural wing is rendered 
necessary by the fact that the wing is articulated or hinged 
at its root ; its diff'erent parts travelling at various degrees of 
speed in proportion as they are removed from the axis of 
rotation. Thus the tip of the wing travels through a much 
greater space in a given time than a portion nearer the root. 
If the wing was not flexible and elastic, it would be impossible 
to reverse it at tlie end of the up and down strokes, so as to 
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produce a contiDuous vibration. The wing is also practically 
hinged along its anterior margin, so tliat the posterior margin 
of the wing travels through a greater space in a given time 
than a portion nearer the anterior mar^ (iig, 80, p. 149). 
The compound rotation of the wing is greatly facilitated by the 
wing being flexible and elastic. This causes the pinion to twist 
upon its long axis during its vibration, as already stated. The 
twisting is partly a vital, and partly a mechanical act; tliat 
is, it is occasioned in part by the action of the muscles, in part 
by the reaction of the air, and in part by the greater momen- 
tum acquired by the tip and posterior margin of the wing, 
as compared with the root and anterior margin; the speed 
acquired by the tip and posterior margin causing them to 
reverse always subsequently to the root and anterior margin, 
which has the effect of throwing the anterior and posterior 
margins of the wing into figure-of-8 curves. It is in this way 
that the posterior margin of the outer portion of the wing is 
made to indine forwards at the end of the down stroke, when 
the anterior mai^n is inclined backwards; the posterior 
margin of the outer portion of the wing being made to 
incline backwards at the end of the up stroke, when a cor- 
responding portion of the anterior margin is inclined forwards 
(figs. 69 and 70, g, a, p. 141 ; iig. 86,/,/, p. 161). 

The Angles fiyrmed by the Wing during Us Fibratims. — Not 
the least interesting feature of the compound rotation of the 
wing — of the varying degrees of speed attained by its different 
parts — and of the twisting or plaiting of the posterior margin 
around the anterior,— is the great variety of kite-like surfaces 
developed upon its dorsal and ventral aspects, Thus the tip 
of the wing forms a kitewliiehis inclined upwards, forwards, 
and outwards, while the root forms a kite which is inclined 
upwards, forwards, and inwards. The angles made by the 
tip and outer portions of the wing with the horizon are less 
than those made by the body or central part of the wing, and 
those made by the body or central part less than those made 
by the root and inner portions. The angle of inclination 
pecuhar to any portion of the wing increases as the speed 
peculiar to said portion decreases, and vice vf.rsA. The wing 
is consequently mechanically perfect ; the angles made by its 
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several parts with the horizon being accurately adjusted to 
the speed attained by its different portions during its travel 
to and fro. From this it follows that the air set in motion 
by one part of the wing is seized upon and utilized by 
another; the inner and anterior portions of the wing supply- 
ing, as it were, oirrents for the outer and posterior portioiia. 
This results from the wing always forcing the air outwards 
and backwards. These statements admit of direct proof, Mid 
I have frequently satisfied myself of their exactitude by ex- 
periments made with natural and artificial wings. 

In the bat and bird, the twisting of the wing upon its long 
axis is more of a vital and less of a mechanical act than in 
the insect ; the muscles which regulate the vibration of the 
pinion in the former (bat and bird), extending quite to the 
tip of the wing (fig. 95, p. 175 ; figs. 82 and 83, p. 168). 

T}i6 Body and W'ings move in opposite Gwrves. — I have stated 
that the wing advances in a waved line, as shown at ace?* 
of fig. 81, p. 157 ; and similar remarks are to be made of 
the body as indicated at 1, 2, 3, 4, 5 of that figure. Thus, 
when the wing descends in the curved line a c,it elevates 
the body in a corresponding but minor curved line, as at 
1, 2; when, on the other hand, the wing ascends in the 
curved line c e, the body descends in a corresponding but 
smaller curved line (2, 3), and so on ad infinitum. The un- 
dulations made by the body are so trifling when compared 
with those made by the wing, that they are apt to he 
overlooked. They are, however, deserving of attention, as 
they exercise an important influence on the undulations made 
by the wing; the body and wing swinging forward alternately, 
the one rising when the other is felling, and vice versd. 
Flight may be regarded as the resultant of three forces : — the 
miiscular and elastic force, residing in the wing, which causes 
the pinion to act as a true kite, both during the down and up 
strokes; the weiffitt of the body, which becomes a force the 
instant the trunk is lifted from the ground, from its tendency 
to Ml downwards and forwards ; and the recoil obtained from 
the air by the rapid action of the wing. These three forces 
may he said to be active and passive by turns. 

When a bird rises from the ground it runs for a short 
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distance, or throws its body into the air by a sudden leap, 
the wings being simultaneously elevated. When the body is 
fairly otF the ground, the wings are made to descend with 
great vigour, and by their action to continue the upward 
impulse secured by the preliminary run or leap. The body 
then falls in a curve downwards and forwards ; the wings, 
partly by the fall of the body, partly by the reaction of the 
air on their under surfece, and partly by the shortening of 
the elevator muscles and elastic ligaanents, being placed above 
and to some extent behind the bird — in other words, elevated. 
The second down stroke is now given, and the wings again 
elevated as explained, and so on in endless succession ; the 
body falling when the wings are being elevated, and tnce 
versd (fig. 81, p. 157). When a long-winged oceanic bird 
rises from the sea, it uses the tips of its wings as levers for 
forcing tlie body up ; the points of the pinions suffering no 
injury from being brought violently in contact with the 
water. A bird cannot be said to be flying until the trunk is 
swinging forward in space and taking part in the movement. 
The hawk, when fixed in the air over its quarry, is simply 
supporting itself. To fly, in the proper acceptation of the 
tenn, implies to support and propel. This constitutes the 
difference between a bird and a balloon. The bird can 
elevate arui carry itsdf fm-ward, the balloon can simply elevate 
itself, and must rise and fall in a straight line in the absence 
of currents. When the gannet throws itself from a cliff, the 
inertia of the trunk at once comes into play, and relieves the 
bird from those herculean exertions required to raise it from 
the water when it is once fairly settled thereon. A swallow 
dropping from the eaves of a house, or a bat from a tower, 
afford illustrations of the same principle. Many insects 
launch tliomselves into space prior to flight. Some, however, 
do not, Thus the blow-fly can rise from a level surface when 
its legs are removed. This is accounted for by the greater 
amplitude and more horizontal play of the insect's wing as 
compared with tliat of the bat and bird, and likewise by the 
remarkable reciprocating power which the insect wing pos- 
sesses when the body of the insect is not moving forwards 
(figs. 67, G8, 69, and 70 p. 141). When a beetle attempts 
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to fly from the hand, it extends its front legs and flexes 
the back ones, and tiits its head and thorax upwards, so 
as exactly to reaemble a horse in the act of rising from the 
ground. Tliis preliminary over, whirr go its wings with im- 
mense velocity, and in an almost horizontal direction, the 
body being inclined more or less vertically. The insect rises 
very slowly, and often requires to make several attempts 
before it succeeds in launching itself into the air. I could 
never detect any pressure communicated to the hand when 
the insect was leaving it, hfmi which I infer that it does not 
leap into the air. The bees, I am disposed to believe, also 
rise without anything in the form of a leap or spring. I 
have often watched them leaving the petals of flowers, and 
they always appeared to me to elevate themselves by the steady 
play of their wings, which was the more necessary, as the sur- 
face from which they rose was in many cases a yielding surface. 

The Wings of Insects, Bats, and Birds. 
Elytra OT Whig-cases, Membranous Wings — their shape and 
vses. — The wings of insects consist either of one or two pairs. 
When two pairs are present, they are divided into an ante- 
rior or upper pair, and a posterior or under pair. In some 
instances the anterior pair are greatly modified, and present 
a corneous condition. When so modified, they cover the 
under wings when the insect is reposing, and have from 
this circumstance been named elytra, from the Greek eXvrpov, 
a sheath. The anterior wings are dense, rigid, and opaque 
in the beetles (fig. 89, r) ; soUd in one part and membran- 
aceous in another in the water-bugs (fig. 90, )■) ; more or less 
membranous throughout in the grasshoppers; and completely 
membranous in the dragon-flies (fig. 91, e e, p. 172). The 
superior or upper wings are inclined at a certain angle when 
extended, and are indirectly connected with Sight in the 
beetles, water-bugs, and grasshoppers. They are actively 
engaged in this function in the dragon-flies and butterflies. 
Tiio elytra or anterior wings are frequently employed as sus- 
tainers or gliders in flight,^ the posterior wings acting more 

' That tlie dyt™ tnko purt in flight ia proved by this, tliat when tliey 
are rcmuved, Hight is in m.iiiy cases destroyed. 
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particularly as demiors a.aA propellers. In such cases the elytra 
are twisted upon themselves after the manner of wings. 




rre. SB.— tlie Cenlonr BwUe (AairiMnniii ceirfnitruiX seen from atove. Sbow« 
clftn (r) and n.embninans wings (e) in lli<! e-^tondod sCnte. Tbe neirurea 

be fcWed (c) tranavcrstly ocresa tin; liaelt benoathtbe el jtrs during repose. 
Wli«D so tobled. Ihe autsrior or Uiick maiglua uf Oie membniaoue wings are 
dlrcetod ontHSrda and lUghlljr dnwnwardu, tbe posterior at thin msrgbis lu. 
wards and BllghUr upwudt Dniiog eitenslmi tlia poBltions of Uie nui^na 
on rcverud by uw ivlngH twisUng and rotating dtxhi thoir kmg ai«B, Ibo 
amerlor margino, ai In bata and VMt, beine dlrectedT npnards and (brnuds. 



■re Indgnl&uiUy small vben sompared witb tbe area of tlia bod;. They are, 
iDOr«over, One]; twiated upon UicmEelyes, find poaacsa great power as pro- 
peiloTA and elevators. — Original, 
Fie. ».— Tlu WaleF-Bng(&e«u>ie;osAiina). In (his inaeet the superior whiss 
(eljtrs or wing coverB r) ore Bemi-meinbranons. Thej are genied to iSe 
membnnoua or under wings \a) by a hook, tbe two acting together in fiigbl. 
When BO genred the niiper snd under wings are dellcaldy eurved ana 
twisted. Thev moreover taper flam within outwards, a^d from before batk- 
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The wings of insects present different degrees of opacity — 
those of the moths and butterflies being non-transparent; 
those of the dragon-flies, bees, and common flies presenting a 
delicate, filmy, gossamer-like appearance. The urings in every 
case aie composed of a duplicature of the. integument or in- 




e Diamn-fly [Pelalnm gi^atiiea). 
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astonishing velooity.— Orfflimil. 

Testing membrane, and are strengthened in various directions 
by a system of hollow, homy tubes, known to entomologists 
as the neursB or nervures. The nervures taper towards the 
extremity of the wing, and are strongest towards its root and 
anterior margin, where they supply the place of the arm in 
bats and birds. They are variously arranged. In the beetles 
they pursue a somewhat longitudinal course, and are jointed to 
admit of the wing being folded up transversely beneath the 
elytra.^ In the locusts the nervures diverge from a common 
centre, ail>er the manner of a fan, so that by their aid the wing 
is cmshed up or expanded as required; whilst in the dragon-fly, 
"Hie w 
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where no folding is requisite, they form an exquisitely reti- 
culated structure. The nervures, it may be remarked, are 
strongest in the beetles, where the body is heavy and the 
wing smaD, They decrease in thickness as those conditions 
are reversed, and entirely disappear in the minute chalcis and 
psilus.' The function of the nervures is not ascertained ; but 
as they contain spiral vessels which apparently communicate 
with the trachete of the trunk, some have rogarded them as 
l>eing connected with the respiratory system; whilst others 
have looked upon them as the receptacles of a subtle fluid, 
which the insect can introduce and withdraw at pleasure to 
obtain the requisite degree of expansion and tension in the 
wing. Neither hypothesis is satisfactoiy, as respiration and 
flight can be performed in their absence. They appear to 
me, when present, rather to act as mechanic^ stays or 
stretchers, in virtue of their rigidity and elasticity alone, — 
their arrangement being such that they admit of the wing 
being folded in various directions, if necessary, during flexion, 
and give it the requisite degree of firmness during extension. 
They are, therefore, in every respect analogous to the skeleton 
of the wing in the bat and bird. In those wings which, 
during the period of repose, are folded up beneath the elytra, 
the mere extension of the wing in the dead insect, where no 
injection of fluid can occur, causes the nervures to fall into 
position, and the membranous portions of the wing to unfurl 
or roll out precisely as in the living insect, and as happens in 
the bat and bird. This result is obtained by the spiral arrange- 
ment of the nervures at the root of the wing; the anterior ner- 
upying a higher position than that further back, as in 
tl e lea of a fan. The spiral arrangement occurring at 
th oot xtends also to the margins, so that wings which fold 
up 1 se, as well as those which do not, are twisted upon 
tl m 1 s, and present a certain degree of convexity on their 
SI I r upper surface, and a corresponding concavity on 

then: inferior or under surface; their free edges supplying 
those fine curves which act with such efiicacy upon the air, 
in obtaining the maximum of resistance and the minimum 
of displacement ; or what is the same thing, the i 
of support with the minimum of slip (figs. 92 am' 
' Kirby and Spenee, vol. ii. 5th ed., p, 352. 
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Tlie wings of insects can be made to oacillato within given 
areas anteriorly, posteriorly, or centrally with regard to the 
p]ano of the liody; or in intermediate positions with regard to 
it anil a lieijiendicular line. The wing or wings of the one 
d 




,— Kigbtwiiicof Beetle{<rofia((K3 ib/<mii8\ dorsal surface. Thiswing 
ouuiBWhol tesemblM Ui9 feeatrel'a (Br. «I, n 136) in ahape. It has an ante. 

rOD aloDE the anterior mantln (iTuntil they reach (he Joint U). "here Iha 
wing fnlda apon itself during repose. Here the nerTnrea split up and fli- 
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become Bner as they reach tl 
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, smaller a 
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, .— , r J ^™ ...„B of the beetle I 

I analogy to that of the bal^ the Ber?0(es ronninj olong the anterior 
'■>« "'the wing, resembUng the homeniB end Ihrearm of the bM (tig. 
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M,^p. llSVUie toint ol 

wrist-joint of the tat's w_„ i_. .^ .„ 

beetle |/ ») (o the phalangea oftho bst (tig. H, f b). The porta niaiked fb 
may in both Ipstances lie Ukened to the prima^ fathers of the Idrd, that 
maiked a to the eeoondary feathers, end c to the tertiaiy featbera. ' '" ~ 
wings ofthebeatle and bat no air can possibly escape through them di 
retiiTR nr up Btrote. — Ortain^i. 

Siglit wbig of the Beetle (Goiiati 



and froiobODaath, When 



wthlefc mai^n (d/) and 
j:au-.^f planes, an4 f^nm 



a ttue heUx or screw. Compare with figs <« and 9T — If i- pjna 

side can likewise be made to nio\e independently of those of 
the opposite side, so that the lei tre of gravity, which, in 
insects, bats, and birds, is suspen led is not disturbed in the 
endless evolutions involved in iscendmg descending, and 
wheeling. The centre of gra'vity \ane« m insects according 
to the shape of the body, the length and shape of the 
limbs and antennae, and the position, shape, and size of the 
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pinions. It is corrected in some by curving the body, in 
otliers by bending or straightening the iimbs and antennae, 
but principally in all by the judicious play of the wiii^ 
themselves. 

The wing of the bat and bird, like that of the insect, is 
eoncavo-con\'ex, and more or less twisted upon itself {figs. 
<i4, 95, !)e, and 97; 




Pio. M.— Right wing of (lie Bat {FhyllmUna grrtcUis], dorsal autlMe. d tf, 

fiiresnn, end hand (Hrst and second phalangeal .cab, posterior or «ilii 
manin, supported by ttae Teuulning phalongea, b^ the aidG oF the body^ and 
by the foot— OiViKiiJ. 
Pin, 09.~Rlgbt wlngof the Bat <PAHUorhJ«a ttmcllis), as seen from behind and 
fmin beneath. When so regarded, the Bnlerior or thick mai^nfd/) of the 
wii^dlaplayg different Gurvea fiom those seen on the posterior or ^iln mar- 
gin <6 e) ; the anterior and posterior mBreins being arranged in diSirent 
planes, as in Uie blade of B screw propeller.— Oi-ijinHl. 

The twisting is in a great measure owing to the manner in 
which the bones of the wing are twisted upon themselves, and 
the spiral nature of their articular surfaces ; the long axes of 
the joints always intersecting each other at nearly right angles. 
As a result of this disposition of the articular surfaces, the 
wing is shot out or extended, and retracted or flexed in a 
variable plane, the bones of the wing rotating in the direction 
of their length during either movement. This secondary 
action, or the revolving of the component bones upon theii 
own axes, is of the greatest importance in the movements ol 
the wing, as it communicates to the hand and forearm, and 
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consequently to the membrane or feathers which they bear, 
the precise angles necessary for flight. It, in fact, insures 
that the wing, and the curtain, sail, or fringe of the wing 
shall be screwed into and down upon the air in extension, 
and unscrewed or withdrawn from it during flexion. The 
wing of the bat and bird may therefore be compared to a 
huge gimlet or auger, the axis of the gimlet representing the 
bones of the wing ; the flanges or spiral thread of the gimlet 
the frenum or sail (figs. 95 and 97). 




S of ttae ilbBtciHB (tig. ea, p. 13' 
iE ilia iDDff nb^MiD-afaapad w^nv 
Lltto coDButiDg or priuBiT (i), a 

nutDnlly aapportlQg: each uUier. Tliis wi 
.,,, — J t , iig],]^ ggjii 



iff, snlsiioc margin ; ')) a c, pusterior 
■— (a), and tBrliary <c) ftntharB, 



IhpW Hie I 



ot il 



feathers lo each other, aud lioi 



strers (fig. 61, p. 
le obJcothelnKio 



TiiR Wing? or Bits 

The Bones of the Win^ of the Bat — the spiral confiffutatum 
of timr articular mrfaces. — ^The bones of the arm and hand 
are especially deserving of attention The humerus (fig 
17, )■, p. 3(i) is short and powerful, and twisted upon itsi 11 
to the extent of sometliilig less than a quarter nt a tui^i 
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As a consequence, tlie long axis of the shoulder-joint is nearly 
at right angles to that of the elbow-joint. Similar remarks 
may be made regarding the radius (the principal bone of 
the forearm) (d), and the second and third metaearpal bones 
with their phalanges (e /), all of which are greatly elongated, 
and give strength and rigidity to the anterior or thick 
margin of the wing. The articular surfaces of the bones 
alluded to, as well as of the other bones of the hand, are 
spirally disposed with reference to each other, the long axes 
of the joints intersecting at nearly right angles. The object 
of this arrangement is particularly evident when the wing of 
the living bat, or of one recently dead, is extended and flexed 
as in flight. 

" In the flexed state the wing is greatly reduced in size, its 
under surface being nearly parallel with the plane of progres- 
sion. When the wing is fully extended its under surface 
makes a certain angle with the horizon, the wing being then 
in a position to give the down stroke, which is delivered 
downwards and forwards, as in the insect. When extension 
takes place the elbow-joint is depressed and carried fonvards, 
the wrist elevated and carried backwards, the metacarpo- 
phalangeal joints lowered and inclined forwards, and the 
distal phalangeal joints slightly raised and carried backwards. 
The movement of the bat's wing in extension is consequently 
a spiral one, the spiral running alternately from below up- 
wards and forwards, and from above downwards and back- 
wards (compare with fig. 79, p. 147). As the bones of the 
arm, forearm, and hand rotate on their axes during the exten- 
sile act, it follows that the posterior or thin margin of the 
wing is rotated in a downward direction (the anterior or 
thick one being rotated in an opposite direction) until the 
wing makes an angle of something like 30' with the horizon, 
which, as I have dready endeavoured to show, is the greatest 
angle made by the wing in flight. The action of the bat's 
wing at the shoulder is particularly free, partly because the 
shoulder-joint is universal in its nature, and partly because the 
scapula participates in the movements of this region. The 
freedom of action referred to enables the hat not only to 
rotate and twist its wing as a whole, with a view to dimiu- 
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ishing and increasing the angle which its under surface makes 
with the horizon, but to elevate and depress the wing, and 
move it in a forward and backward direction. The rotatory 
or twisting movement of the wing is an essential feature in 
flight, as it enables the bat (and this holds true also of the 
insect and bird) to balance itself with the utmost exactitude, 
and to change its position and centre of gravity with mar- 
vellous dexterity. The movements of the shoulder-joint are 
restrained within certain limits by a system of check-ligaments, 
and by the coracoid and a«romian processes of the scapula. 
The wing is recovered or flexed by the action of elastic liga- 
ments which extend between the shoulder, elbow, and wrist. 
Certain elastic and fibrous structures situated between the 
fingers and in the substance of the wing generally take part 
in flexion. The bat flies with great ease and for lengthened 
periods. Its flight is remarkable for its softness, in which 
respect it surpasses the owl and the other nocturnal birds. 
The action of the wing of the bat, and the movements of 
its component bones, are essentially the same as in the bird. 

The Wings of Birds. 

The Bones of the Wing of the Bird — thdr Artieidar Sur- 
faces, Movemmls, etc. — The humerus, or arm-bone of the 
wing, is supported by three of the trunk-bones, viz. the 
scapula or shoulder-blade, the clavicle or collar-bone, also 
called the fitrculuni,^ and the coracoid bone, — these three 
converging to form a.^int d'wppu,i,<iT centre of support for 
the head of the humerus, which is received in facettes or 
depressions situated on the scapula and coracoid. In order 
that the wing may have an almost unlimited range of motion, 
and be wielded after the manner of a flail, it is articulated to 
the trunk by a somewhat lax universal joint, which permits 

^ The forcala are ubu^It united to tJie anterior part of tha stemiuu by 
ligament; but in Mrds of powertol flight, where the wiega are haMtunlly 
extended for gliding snd saiiiag, as in the frigate-bird, the nnion iH oaaengs in 
ita natnre. "In the frigate-bird the flneula are likewise ancliyloaeit with 
tlie coracoid bones." — Comp. Anat. and Phys. of Vertebrates, by Prof. Owen, 
wjl. ii, p. 66. 
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vertical, horizontal, and intermediate movements.^ The long 
axis of the joint is directei! vertically; the joint itself some- 
what hackwards. It is otherwise with the elbow-joint, which 
is turned forwards, and has its long axis directed horizontally, 
from the feet that the humems is twisted upon itself to the 
extent of nearly a quarter of a turn. The elbow-joint is 
decidedly spiral in its nature, its long axis intersecting that of 
the shoulder-joint at nearly right angles. The humerus 
iirticulates at the elhow with two bones, the radius and the 
ulna, the former of which is pushed from the humerus, while 
the other is drawn towards it during extension, the reverse 
occurring during flexion. Both hones, moreover, while those 
movements are taking place, revolve to a greater or less extent 
upon their own axes. The bones of the forearm articulate at 
the wrist with the carpal bones, which being spirally arranged, 
and pla<ied obliquely between them and the metacarpal bones, 
transmit the motions to the latter in a curved direction. The 
long axis of the wrist-joint is, as nearly as may be, at right 
angles to that of the elbow-joint, and more or less parallel 
with that of the shoulder. The metacarpal or hand-bones, 
and the phalanges or finger-bones are more or less fused 
together, the better to support the great primary feathers, on 
the efficiency of which flight mainly depends. They are 
articulated to each other by double hinge-joints, the long axes 
of which are nearly at right angles to ea«h other. 

As a result of this disposition of the articular surfaces, the 
wing is shot out or extended and retracted or flexed in a 
variable plane, the bones composing the wing, particularly 
fcliose of the forearm, rotating on their axes during either 
movement. 

This secondary action, or the revolving of the component 
bones upon their own axes, is of the greatest importance in 
the movements of the wing, as it communicates to the hand 

1 " The OS humeri, or bone of the arm, is nrtiunlated by a small rounded 
eurfnoe to a corresponding oavily formed between the coracoid bone and the 
scapula, in such a manner m to allow great freedom of motion." — Maogilli vray's 



I, Google 



180 ANIMAL LOCOMOTION. 

and forearm, and consequently to the primary and secondary 
feathers which they bear, the precise angles necessary for 
flight ; it in fact insures that the wing, and the curtain or 
fringe of the wing which the primary and secondary feathers 
form, shall he screwed into and down upon the air in ex- 
tension, and unscrewed or withdrawn from it during flexion. 
The wing of the bird may therefore be compared to a huge 
gimlet or auger; the axis of the gimlet representing the 
bones of the wing, the flanges or spiral thread of the gimlet 
the primary and secondary feathers (fig. 63, p. 138, and fig; 
97, p. 176). 

Traces of Demgn in the Wing of the Bird — the arrangement of 
the Primary, Secondaiy, and Tertiary Feathers, etc. — There are 
few things in nature more admirably constructed than the 
wing of tie bird, and perhaps none where design can be more 
readily traced. Its great strength and extreme lightness, the 
manner in which it closes up or folds during flexion, and 
opens out or expands during extension, as well as the manner 
in which the feathers are strung together and overlap each 
other in divers directions to produce at one time a solid 
resisting surface, and at another an interrupted and compara- 
tively non-resisting one, present a degree of fitness to which 
the mind must necessarily revert with pleasure. If the 
feathers of the wing only are contemplated, they may be con- 
veniently divided into three sets of three each (on botJi sides 
of the wing) — an upper or dorsal set (fig. 61, d,e,f, p. 136), a 
lower or ventral set (e, a, b), and one which is intermediate. 
This division is intended to refer the feathers to the bones of 
the arm, forearm, and hand, but is more or less arbitrary in 
its nature. The lower set or tier consists of the primary (i), 
secondary (a), and tertiary (c) feathers, strung together by 
fibrous structures in such a way that they move in an out- 
ward or inward direction, or turn upon their axes, at precisely 
the same instant of time, — ^the middle and upper sets of 
feathers, which overlap the primary, secondary, and tertiary 
ones, eoustituting what are called the " coverts " and " sub- 
coverts." The primary or rowing feathers are the lor^est and 
strongest (ft), the secondaries (a) next, and the tertianes third 
(c). The tertianes, however, are occasionally longer than the 
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secondaries. The tertiary, secondary, and primary feathers 
' 11 strength from within outwards, i.e. ironi the body 
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towards the extremity of the wing, mi so of the several sets 
of wing-coveits. This arrangement is necessary, because the 
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strain on the feathers during flight increases in proportion to 
their liistance from the trunk. 

The manner in which the roots of the primary, secondary, 
and tertiary feathers are geared to each other in order to 
rotate in one direction in flexion, and in another and opposite 
direction in extension, is shown at figs. 98, 99, 100, and 101, 
p. 181. In flexion the feathers open up and permit the air 
to pass between them. In extension they flap together and 
render the wing as air-tight as that of either the insect or bat. 
The primary, sccondiay, smd tertiary feathers have conse- 
quently a valvular action. 

The Wing of the Bird not always opened up io tlie same extent 
»'» the Up Stroke. — The elaborate arrangements and adaptations 
for increasing the area of the wing, and making it impervious 
to air during the down stroke, and for decreasing the area 
and opening up the wing during the up stroke, although 
necessary to tlie flight of the heavy-bodied, short-winged 
birds, as the grouse, partridge, and pheasant, are by no means 
indispensable to the flight of the long-winged oceanic birds, 
unless when in the act of rising from a level surface ; neither 
do .the short-winged heavy birds require to fold and open up 
the wing during the up stroke to the same extent in ail cases, 
less folding and opening up being required when the birds 
fly against a breeze, and when they have got fairly under 
weigh. All the oceanic birds, even the albatross, require to 
fold and flap their wings vigorously when tliey rise from the 
surface of the water. When, however, they have acquired a 
cei-tain degree of momentum, and are travelling at a tolerable 
horizontal speed, they can in a great measure dispense with 
the opening up of the wing during the up stroke — nay, more, 
they can in many instances dispense even with flapping. 
This is particnlariy the case with the albatross, which (if a 
tolerably stiff breeze be blowing) can sail about for an hour 
at a time without once flapping its wings. In this case the 
wing is wielded in one piece like the insect wing, the bird 
simply screwing and unscrewing the pinion on and off the 
wind, and exercising a restraining influence — the breeze doing 
the principal part of the work. In the bat the wing is 
jointed as in tlie bird, and folded durins the iii) stroke. As, 
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however, the bat's wing, as has been already slated, is covered 
by a continuous and more or less elastic membrane, it follows 
that it cannot be opened up to admit of the air passing 
through it during the up stroke. Flight in the bat is therefore 
secured by alternately diminiahing and increasing the area of 
the wing during the up and down strokes — the wing rotating 
npon its root and along its anterior marg^, and presenting a 
variety of kitedike surfaces, during its ascent and descent, pre- 
cisely as in the bird (fig 80, p 149, and fig. 83, p. 158). 




ric. 101— Shows ths iipwuril InollnaUon of tlie hftdj nr 
1^6, where the wiiigs are fully eiLteaded. 

Fleximt of tlie IVing iiecessm-y to Hie Flight of Birds. — Con- 
siderable diversity of opinion exbts as to whether bii-ds do or 
do not flex their wings in flight. The discrepancy is owing 
to the great difficulty experienced in analysing animal move- 
ments, particularly when, as in the case of the wings, they are 
consecutive and rapid. My own opinion is, that the wings 
are flexed in flight, but that all wings are not flexed to the 
same extent, and that what holds true of one wing does not 
necessarily hold true of another. To see the flexing of the 
wing properly, the observer should be either immediately 
above the bird or directly beneath it. If the bird be coii- 
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templated from before, behind, or from, the side, the up and 
down, strokes of the pinion distract the attention and compli- 
cate the raovemeot to such an extent as to render the observa- 
tion of little value. In watching rooks proceeding leisurely 
against a sligbt breeze, I have over and over again satisfied 
myself that the wings are flexed during the up strote, the 
mere extension and flexion, with very little of a down etroke, 
in such instances sufficing for propulsion. I have also observed 
it in the pigeon in full flight, and likewise in the starling, 
sparrow, and kingfisher (fig. 102, p. 183). 

It occurs principally at the wrist-joint, and gives to the 
wing the peculiar quiver or tremor so apparent in rapid 
flight, and in young birds at feeding-time. The object to be 
attained is manifest. By the flexing of the wing in flight, 
the " remiges," or rowing feathers, are opened up or thrown 
out of position, and the air permitted to escape — advantage 
being thus tajcen of the peculiar action of the individual 
feathers and the higher degree of differentiation perceptible in 
the wing of the bird as compared with that of the bat and insect. 

In order to corroborate the above opinion, I extended the 
■wings of several birds as in rapid flight, and fixed them in 
the outspread position by lashing them to light unyielding 
reeds. In these experiments the shoulder and elbow-joints 
were left quite free — the wrist or carpal and the metacarpal 
joints only being bound. I took care, moreover, to interfere 
as little as possible with the action of the elastic ligament or 
alar membrane which, in ordinary circumstances, recovers or 
flexes the wing, the reeds being attached for the most part to 
the primary and secondary feathers. When the wings of a 
pigeon were so tied up, the bird could not rise, although it made 
■vigorous eflbrts to do so. When dropped from the hand, 
it fell violently upon the ground, notwithstanding the strenu- 
ous exertions which it made with its pinions to save itself. 
When thrown into the air, it fluttered energetically in its 
endeavours to reach the dove cot, which was close at hand; 
in every instance, however, it fell, more or less heavily, the 
distiince attained varying with the altitude to which it was 
projected. 

Tliinking that probalily the novelty of the situation aud 
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tlie strangeness of the appliances confiised the bird, I allowed 
it to walk about and to rest without removing the reeds. I 
repeated the experiment at intervals, but with no better 
results. The same phenomena,! may remark, were witnessed in 
the sparrow ; so that I think there can be no doubt that a cer- 
tain degree of flexion in the wings is indispensable to the flight 
of all bii'ds — the amount varying according to the length and 
form of the pinions, and being greatest in the short broad- 
winged birds, as the partridge and kingfisher, less in those 
whose wings are moderately long and narrow, as the gulls, and 
many of the oceanic birds, and least in the heavy-bodied long 
and narrow-winged sailing or gliding birds, the best example 
of which is the albatross. The degree of flexion, moreover, 
varies according as the bird is rising, falling, or progressing 
in a horizontal direction, it being greatest in the two former, 
and least in the latter. 

It is tiue that in insects, unless perhaps in those which 
fold or close the wing during repose, no flexion of the pinion 
takes place in flight; but this is no argument against this 
mode of diminishing the wing-area during the up stroke 
where the joints exist; and it is more than probable that when 
joints are present they are added to augment the power of 
the wing during its active state, i.e. during flight, quite as 
much as to assist in arranging the pinion on the back or side of 
the body when the wing is passive and the animal is reposing. 
The flexion of the wing is most obvious when the bird is 
exerting itself, and may be detected in birds which sldm or 
glide when they are rising, or when they are vigorously flap- 
ping their wings to secure the impetus necessary to the gliding 
movement. It is less marked at the elbow-joint than at the 
wrist; and it maybe stated generally that, as flexion de- 
creases, the twisting flail-like movement of the wing at the 
shoulder iTwreases, and vice mjsi^— the great dift'erenee between 
soling birds and those which do not sail amounting to this, 
that in the sailing birds the wing is worked from the shoulder 
by being alternately rolled on and off the wind as m m'sects 
whereas, in birds which do not glide the spiral movement 
travels along the aim a' m b^t'- an! mimfests it nlf diirii , 
flexion and extension in th 1 1 nilin^ of the j iiit'' ind m the 
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rotation of the bones of the wing on their axes. The spiral 
conformation of tlie pinions, to wliich allusion has been so 
frequently made, is best seen in the heavy-bodied birds, as the 
turkey, capercailzie, pheasant, and partridge; and here also 
the concavo-convex form of the wing is most perceptible In 
the light bodied unple winged bud*, the imonnt of twisting 
i^ liminished an 1, as a le^ulfc the wm^ is moie ui le-^s flat- 
tenel ia in the sea gdl (fig 101) 




Cormderaiym of fhi Fmces nhehpr pel the JFrnqb f Insats 
— In the thorax of insects the muscles are arranged in two 
pnncipil sets m the form of a cross — ( e there is a powerfiil 
vertical set which runs from above downwards and a powerful 
antero posterior let which runs from before backwards There 
are likewise a tew slender muscles which proceed m a more 
or less obbque direction The anteiopostemr and vertical 
sets of muscles are quite distinct as aie likewise the ol lique 
muscles Portions however of the ■\ertical and oblique 
muscles termin»te at the root of the wing in jellj lookmg 
p< mts which greatly resemble rudimentary tendons so that I 
am inclmed to believe that the vertical and oblique muscles 
exercise a direct influence on the movements of the wmg 
The shortening of the antero posterior set of muscles (indi 
rectly assisted by the ibliquo ones) elevates the dorsum of the 
thorax by causing its anteiior extremity to approach its. 
posterior extremitj and ly causins; the thorax to bulge out 
or expand laterilly This chin^e m tlie thtrax necessitates 
the le cent jf the wing The ihirtcmno of the vertic 1 'Lt 
(aided by tie (bliiut me) h^s i preci^elj opposite tfli,rt 
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and necessitates its ascent. While the wing is ascending and 
descending the oblique muscles cause it to rotate on its long 
axis, the bipartite division of the wing at its root, the spiral 
configuration of the joint, and the arrangement of the elastic 
and other structures which connect the pinion with the body, 
together with the resistance it experiences from the air, con- 
ferring on it the various angles which characterize the down 
and up strokes. The wing may therefore be said to be de- 
pressed by the shortening of the antero-poaterior set of 
muscles, aided by the oblique muscles, and elevated by tho 
shortening of the vertical and oblique muscles, aided by tho 
elastic ligaments, and the reaction of the air. If we adopt 
this view we have a perfect physiological explanation of the 
phenomenon, as we have a complete circle or cycle of motion, 
the antero-posterior set of muscles shortening when the 
vertical set of muscles are elongating, and vice versd. This, I 
may add, is in conformity with all other muscular arrange- 
ments, where we have what are usually denominated exten- 
sors and flexors, pronators and supinators, abductors and 
adductors, etc., hut which, as I have already explained (pp. 
24 to Si), are simply the two halves of a circle of muscle and 
of motion, an arrangement for securing diametrically opposite 
movements in the travelling surfaces of all animals. 

Chabrier's account, which I subjoin, virtually supports this 



" It is generally through the intervention of the proper 
motions of the dorsum, which are very considerable during 
flight, that the wings or tlie elytra are moved equally and 
simultaneously. Thus, when it is elevated, it carries with it 
the internal side of the base of the wings with which it is 
articulated, from which ensues the depression of the external 
side of the wing ; and when it approaches the sternal portion 
of the trunk, the contrary takes place. During the depres- 
sion of the wings, the dorsum is curved from before back- 
wards, or in such a manner tliat its anterior extremity is 
brought nearer to its posterior, that its middle is elevated, 
and its lateral portions removed further from each other. 
The reverse takes place in the elevation of the wings ; the 
anterior extremity of the dorsum being removed to a greater 
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distance from the posterior, its middle lieiiig depressed, and 
its sides brought nearer to each, other. Thus its bending in 
one direction produces a diminution of its curve in the direc- 
tion normally opposed to it ; and by the alternations of tliis 
motion, assisted by other means, the body is alternately com- 
pressed and dilated, and the wings are raised and depressed 
by turns." ^ 

In the UbelMm or dragon-fties, the muscles are inserted 
into the roots of the wings as in the bat and bird, the only 
difference being that in the latter the muscles creep along the 
wings to their extremities. 

In all the wings which I have examined, whether in the 
insect, bat, or bird, tho wings are recovered, flexed, or 
drawn towards the body by the action of clastic ligaments, 
these structures, by their m.ere contraction, causing the 
wings, when fully extended and presenting their maximum 
of surface, to resume their position of rest, and plane of 
least resistance. The principal effort required in flight 
would therefore seem to be made during extension and 
the down stroke. The elastic ligaments are variously formed, 
and the amount of contraction which they undergo is in 
all cases accurately adapted to the size and form of the 
wings, and the rapidity with which they are worked — the 
contraction being greatest in the short-winged and heavy- 
bodied insects and birds, and least in the light-bodied and 
ample-winged ones, particularly in such as skim or glide. 
The mechanical action of the elastic ligaments, I need scarcely 
remark, insures a certain period of repose to tho wings 
at each stroke, and this is a point of some importance, as 
showing that the lengthened and laborious flights of insects 
and biiiia are not without their stated intervals of rest. 

Speed attained hj Insects. — Many instances might be quoted 
of the marvellous powers of flight possessed by insects as a 
class. The male of the silkworm-moth {Atlacm Pajihia) is 
stated to travel more than 100 miles a day;^ and an anony- 
mous writer in Nicholson's Journal^ calculates that the com- 
mon house-fly {Musca domestica), in ordinary flight, makes 600 

1 Clialirier, as rendered by B. F. Bennett, F.L.8,, ef«. 

" Lran, I'raiis, vii. p. 40. = Vol. iii. ji. 86. 
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strokes per second, and advances twenty-fivo feet, but that 
the rate of speed, if the insect be alaimed, may be increased 
six or seven fold, so that under certain circumstances it can 
outstrip the fleetest racehorse. Every one when riding on a 
warm summer day must have been struck with the cloud of 
flies which buzz about his horse's ears even when the animal 
is urged to its fastest paces ; and it is no uncommon thing 
to see a bee or a wasp endeavouring to get in at the window 
of a railway car in full motion. K a small insect like a fly 
can outstrip a racehorse, an insect as large as a horse would 
travel very much faster than a cannon-ball. Leeuwenhoek 
relates a, most exciting chase wliich he once beheld in a 
menagerie about 100 feet long between a swallow and a 
dragon-fly (Mordella). The insect flew with incredible speed, 
and wheeled with such address, that the swallow, notwith- 
standing its utmost eiforts, completely failed to overtake and 
capture it.^ 

Consideration of the Forces which propel the Wings of Bats 
and Birds. — The muscular system of birds has been so fre- 
quently and faithfully described, that I need not refer to it 
further than to say that there are muscles which by their 
action are capable of elevating and depressing the wings, and 
of causing them to move in a forward and backward direction, 
and obliquely. They can also extend or straighten and 
bend, or flex the wings, and cause them to rotate in the 
direction of their length during the down and up strokes. 
The muscles principally concerned in the elevation of the 
wings are the smaller pectoral or breast muscles {pectorcdes 
minor) ; those chiefly engaged in depressing the wings are the 
larger pectorals (peclorates major). The pectoral muscles cor- 
respond to the fleshy mass found on the breast-bone or 
sternum, which in flying birds is boat-shaped, and furnished 
witli a keel. These muscles ore sometimes so powerful and 
heavy that they outweigh all the other muscles of the body. 

I " The hobliy falcoD, wliich abounds in BnlKaria dnring the eummer 
months, hawlia large dragot^es, which it seiiaB wilh tho foot and devours 
whilst in the air. It also kills snifts, larks, turtle-doves, and bee-birda, at- 
thongh more rnrely."— Falconry in the British Isles, by Francis Henry Salvin 
and William Bmtlrick. Loud, 1855. 
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The power of the bird is thus concentrated for the purpose of 
moving the wings and conferring steadiness upon the volant 
mass. In birds of strong flight the keel is very large, in 
order to afford ample attachments for the muscles delegated to 
move the wings. In birds which cannot fly, as the members 
of the ostrich family, the breast-bone or sternum has no keel.^ 

The remarks made regarding the muscles of birds, apply 
with very slight modifications to the muscles of bats. The 
muscles of bats and birds, particularly those of the wings, 
are geared to, and act in concert with, elastic ligaments or 
membranes, to be described presently. 

Lax c&ndilim of the Shoddy-Joint in Bats, Birds, etc. — The 
great laxity of the shoulder-joint in bats and birds, readily 
admits of their bodies falling downwards and forwards during 
the up stroke. This joint, as has been already stated, admits 
of movement in every direction, so that the body of the bat 
or bird ia like a compass set upon gimbals, i.e. it swings and 
oscillates, and is equally balanced, whatever the position of 
the wings. The movements of the shoulder-joint in the bird, 
bat, and insect are restrained within certain limits by a 
system of check ligaments and prominences; bnt in each 
case the range of motion is very great, the ^ings being per- 
mitted to swing forwards, backwards, upwards, downwards, 
or at any degree of obliquity. They are also permitted to 
rotate along their anterior margin, or to twist in the direction 
of their length to the extent of nearly a quarter of a turn. 
This great freedom of movement at the shoulder-joint enables 
the insect, bat, and bird to rotate and balance upon two 
centres — -the one running in the direction of the length of the 
body, the other at right angles or across the body, i.e. in 
the direction of the length of the wings. 

In the bird the held of the humerus is convex and some- 
what oval (not round), the long axis of the oval being directed 
from above downwards, i e fiom the dorsal towards the ven- 
tral aspect of the bird. The humerus can, therefore, fflide up 
and down in the facettes occurring on the articular ends of tlie 

' One of the best deanriptions of the bones and muscles of the biid. is that 
given by Mr. Macgiliivray in his very admirable, mlnminous, " 
ijig work, entitled History of British Birds, Lond. 1837. 
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coracoid and scapular bones with great facility, mueli in the 
same way that the head of the radius glides upon the distal 
end of the humerus. But the humerus has another motion ; 
it moves like a Mnge from hefore bacheards, and vice versa. 
The axis of the latter movement is almost at right angles to 
that of the former. As, however, the shoulder-joint is con- 
nected by long ligaments to the body, and can be drawn 
away from it to the extent of one-eighth of an inch or more, 
it follows that a third ami twisting movement can he performed, 
the twisting admitting of rotation to the extent of something 
like a quarter of a turn. In raising and extending the wing 
preparatory to the downward stroke two opposite movements 
are required, viz. one from before backwards, and another 
from below upwards. As, how&ver, the axes of these move- 
ments are at nearly right angles to each other, a spiral or 
twisting movement is necessary to run the one into the 
other— to turn the comer, in fact 

From what has been stated it will be evident that the 
movements of the wing, particularly at the root, are remark- 
ably free, and very varied. A directing and restraining, as 
well as a propelling force, is therefore necessary. 

The guiding force is to be found in the voluntary muscles 
which connect the wing with the body in the insect, and 
which in the bat and bird, in addition to connecting the 
wing with the body, extend along the pinion even to its tip. 
It is also to be found in the nmsculo-elastic and other liga- 
ments, seen to advantage in the bird. 

Tlie WingfieTxd and ^partly defeated, by the Action of Elastic 
Ligaments — tke Nature and Position of suck Ligaments in the 
Pheasa/ni, Snipe, Crested Crane, Swan, etc. — ^When the wing is 
drawn away from the body of the bird by the hand the 
posterior margin of the pinion formed by the primary, 
secondary, and tertiary feathers rolls down to make a variety 
of inclined surfaces with the horizon (eb, of ig. 63, p. 138). 
"When, however, the hand is withdrawn, even in the dead 
bird, the wing instantly folds up ; and in doing so reduces 
the amount of inclination in the several surfaces referred 
to {cb,def of the same figure). The wing is folded by 
the action of certain elastic ligaments, which are put upon 
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the stretch in extension, and which recover their original form 
and position in flexion (fig. 98, c, p. 181). This simple ex- 
periment shows that the various inclined sorfaces requisite 
for flight are produced by the mere acts of extenaion and 
flexion in the dead bird. It is not, however, to be inferred 
from this circumstance that flight can be produced without 
voluntary movements any more than ordinary walking. Tlie 
muscles, bones, ligaments, feathers, etc, are so adjusted with 
reference to each other that if the wing is moved at all, 
it must move in the proper direction — an arrangement which 
enables the bird to fly without thinking, just as we can 
walk without thinking. There cannot, however, be a doubt 
that the bird has the power of controlling its wings both 
during the down and up strokes ; for how otherwise ctiuld 
it steer and direct its course with such precision in obtain- 
ing its food t how fix its wings on a level with or above 
its body for skimming purposes J how fly in a curve ^ how 
fly with, against, or across a breeze t how project itself from 
a rock directly iiito space, or how elevate itself from a level 
surface by the laboured a«tion of its wings i 

The wing of tlie bird is elevated to a certain extent in 
flight by the reaotion of the air upon its under surface ; but 
it is also elevated by muscular action — by the contraction of 
the elastic ligaments, and by the body falHng downwards and 
forwards in a curva 

That muscular action is necessary is proved by the fact 
that the pinion is supplied with distinct elevator muscles.^ 
It is further proved by this, that the bird can, and always 

' Mr. Mar^llivtay and C. J. L. Krarup, a Danish, anthor, state that the 
wing ia elevateii by a vital force, viz. by the contraction of the pectaralis 
minor. This musele, according to Krarap, acts with one-eighth the intensity 
of thefwoiorofis maj'"' (the daprassoc of ttie wing). He bases his statement 
upon the faet tliat in the pigeon the pectoralia miuoc or elevator of the wing 
weighs one-eighth of an oniiee, whereas the pectoralis major or dspressor of 
tbewii^weighsMven-eiglithsof anounoe. It ought, however, to Iw borne in 
mind that the volume of a muscle does not necessarily determine the precise 
influanco eierted by its action ; for the tendon of the muaclB may be made to 
act upon a long lever, and, under favourable conditions, for developii^ ita 
powers, while that ot another muscle may l>e made to act upon a short lever, 
and, consequently, under unfavonrable conditions.— On tbe Flight of Birds, 
p. 30. Copenhagen, 1869. 
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does, elevate its wings prior to flight, quite independently of 
the air. When the bird is fairly launched in spac« the 
elevator muscles are assisted by the tendency which the liody 
has to fall downwards and forwards : by the reaction of the 
air; and by the contraction of the elastic ligaments. The 
air and the elastic ligaments contribute to the elevation of 
the wing, but both are obviously under control — they, in feet, 
form links in a chain of motion which at once begins and 
terminates in the muscular system. 

That the elastic ligaments are subsidiary and to a certain 
extent under the control of the muscular system in the same 
sense that the air Is, is evident from the fact that voluntary 
muscular fibres run into the ligaments in question at various 
points {a, b of fig. 98, p. 181). The ligaments and jnuscular 
fibres act in conjunction, and fold or flex the forearm on the 
arm. There are others which flex the hand upon the forearm. 
Others draw the wing towards the body. 

The elastic ligaments, whDe occupying a similar position in 
the wings of all birds, are variously constructed and variously 
combined with voluntaiy muscles in the several species. 

The Elastic Ligaments more highly differentiated in Wivgs 
which vibraie rapidly. — The elastic ligaments of the swan are 
more complicated and more liberally supplied with voluntary 
muscle than those of the crane, and this is no doubt owing to 
the fact that the wings of the swan are driven at a much 
higher speed than those of the crane. In the snipe the wings 
are made to vibrate very much more rapidly than in the swan, 
and, as a consequence, we find that the fihro-elastie bands are 
not only greatly increased, but they are also geared to a much 
greater number of voluntary muscles, all which seems to 
prove that the musculo-elastic apparatus employed for recover- 
ing or flexing the wing towards the end of the down stroke, 
becomes more and more highly diflerentiated in proportion to 
the rapidity with which the wing is moved.' l^e reason for 
this is obvious. If the wing is to be worked at a higher 
speed, it must, as a consequence, be more rapidly flexed and 

' A careful aoconnt of the musculo-elastic strneturea occurring in tlie wing 
of tlie pigeon ia given by Mr. Maceillivtuy in Ms History of Briliali Birds, 
pp. 37, 3S. 
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extended. Tlie rapidity with which the wing of the bird is 
extended and flexed is in some instances exceedingly great ; 
so great, in fact, that it escapes the eye of the ordinary observer. 
The speed with which the wing darts in and out in flexion 
and extension would be quite inexplicable, but for a know- 
ledge of the fa«t that the different portions of the pinion fonn 
angles with eaeh other, these angles being instantly increased 
or diminished by the slightest quiver of the muscular and 
fibro-elastic systems. If we take into account the fact that 
the wing of the bird is recovered or flexed by the combined 
action of voluntary muscles and elastic ligaments ; that it is 
elevated to a considerable extent by voluntary muscular effort ; 
and that it is extended and depressed, entirely by muscular 
exertion, we shall have difficulty in avoiding the conclusion 
that the wing is thoroughly under the control of the muscular 
system, not only in flexion and extension, but also throughout 
the entire down and up strokes. 

An arrangement in every respect analogous to that described 
in the bird is found in the wing of the bat, the covering or 
web of the wing in this instance forming the principal elastic 
ligament (fig. 17, p. 36). 

Fower of the Win//— to what owing. — The shape and power 
of the pinion depend upon one of three circumstances— to 
wit, the length of the humerus,^ the length of the cubitus or 
forearm, and the length of the primary feathers. In the 
swallow the humerus, and in the humming-bird the cubitus, 
is very short, the primaries being very long ; whereas in the 
albatross the humerus or arm-bone is long and the primaries 
short. When one of these conditions is fulfilled, the pinion 
is usually greatly elongated and scythe-like (fig. 63, p. 137) 
— an arrangement which enables the bird to keep on the 
wing for immense periods with comparatively little exertion, 
and to wheel, turn, and glide about with exceeding ease and 
grace. When the wing is truncated and rounded (fig. 96, p. 

' " The humenis varies entremely in leuBth, being very eliort in tlie swal- 
low, of moderate lengtli in tlie goliiniiceoHS birds, longer in tlio crows, very 
long in tlie gannets, nnd nnnsnally elongated in tlie alliatroeB. In the golden 
eagle it is also aeeii to be of great leugtli."— Mai^liivmj's EritisL Birds, 
vol. i. p. 30. 
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176), a form of pioion usually associated with a heavy body, 
as ill the grouse, quail, diver, and grebe, the muscular exer- 
tion reqiiired, and the rapidity with which the wing moves 
are very great; those birds, from a want of facility in turning, 
flying either in a straight line or making large curves. They, 
moreover, rise with difficulty, and sdight clumsily and some- 
what suddenly. Their flight, however, is perfect while it lasts. 

The goose, duck (fig. 107, p. 204), pigeon (fig. 106, p. 
203) and crow, are intermediate both as regards the form 
of the wing and the rapidity with which it is moved. 

The heron (fig. 60, p. 126) and humming-bird furnish ex- 
treme examples in another direction, — the heron having a 
large wing with a leisurely movement, the humming-bird a 
comparatively large wing with a greatly accelerated one. 

But I need not multiply examples; sufiice it to say that 
flight may be attained wiUiin certain limits by every size and 
form of wing, if the number of its osciUations be increased in 
proportion to the weight to be raised. 

Seasons why (he effective Stroke should he delivered downwards 
and forwards. — The wings of all birds, whatever their form, 
act by alternately presenting oblique and comparatively non- 
oblique surfaces to the air,^the mere extension of the pinion, 
as has been shown, causing the primary, secondary, and ter- 
tiary feathers to roll down till they make an angle of 30° or 
so with the horizon, in order to prepare it for giving the 
effective stroke, which is delivered, with great rapidity and 
energy, in a doienward and forward direction. I repeat, 
" downwards and forwards ; " for a careful examination of 
the relations of the wing in the dead bird, and a close ob- 
servation of its action in the living one, supplemented by a 
large number of experiments with natural and artificial 
■wings, have fully convinced me that the stroke is invariably 
delivered in this direction.^ If the wing did not strike 

I Prevailing Opinions aetaiie Direction (ff '*e -Down Stroke. — Mr. Macgil- 
livray, in his History ot Britiah Birds, published in 1337, states (p. 34) 
that in fleiion the wing is drawn npwnrda, forwards, and iiiwatds, but 
that dnriiig eitenaion, when tha eftectiTe strulte n given, it is mai!e to 
strike outwardi ilownwaria, and iachunnf' The Uuko of Argyll hoUa 
a, similar opinion. In spealai^ of the Iio\crii^ of birds, he asserts tliat. 
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downwards and forwards, it would act at & manifest dia- 



\st. Because it would present the back or convex surface of 
the wing to the air — a convex surface dispersing or dissipating 
the air, while a concave surface gathers it together or focuses it. 

2(i. In order to strike backwards effectually, the concavity 
of the wing would also require to he turned backwards; and 
this would involve the depression of the anterior or thick 
margin of the pinion, and the elevation of the posterior or 
thin one, during the down stroke, which never happens. 

M. The strain to which the pinion is subjected in flight 
would, if the wing struck backwards, fall, not on the anterior 
or strong margin of the pinion formed by the bones and 
muscles, but on the posterior or weak margin formed by the 
tips of the primary, secondary, and tertiary feathers — which 
is not in accordance with the structure of the parts. 

ith. The feathers of the wing, instead of being closed, as 
they necessarily are, by a downward and forward movement, 

"if a Irird, by altering tlie aiis of its own body, can direct its wing stroke 
in some dagrefl /iincards, it will Lave the effect of stopping instead of 
promoting progression;" And that, "Except for the purpose of arreaiing 
thair fl^t, birds can never striko except direcUy doKniwircfe— tiiat ia, 
directly against ths opposii^ fbrce of gravity."— Good Words, Feb. 1865, 
p. 133. 

Mr. Bishop, in the Cjc. of Anat and Phys., toL iii. p. 425, says, "lu 
consBquenoo of the planes of the wings being disposed eii'iiet 'perpeadiaclarly 
or oUiqudy iachaards to tha direction of their motion, a correspondrng im- 
pulse is given to tlieir centre of gravity." , Professor Owen, in like manner, 
avers that " a downward stroke would only tend to raise the bird in the air; 
to carry it forwards, the wings require \d be moved in an oblique plane, so 
na to strilx bachaarda as well as downwards."— Comp. Anat. and Phys. and 
Vertebrates, vol. ii. p. IIB. 

The following ia the aeconnt given by M. E. Liais :— " When a bird is about 
to depress ila wii^, this is a little inclined from before backwards. When 
the deseenrling movement commences, the wing does not descend parallel to 
itself in a direeUon item before baokwards ; but the movement is accompanied 
by a rotation of several degrees round the anterior edge, so that the wii^ 
becomes moro in front than behind, and the descending moveiaeiti is trans- 
ferred more coidiiwre baekmards. . , . When the wing has completely 
descended, it is both further back and lower than at the comniencement of 
the movement."— " On the Plight of Birds and Inaecta." AnnaU of Nat. 
Hist \o\ \> Jdseiies,p. 159. 
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would be inevitably opened, and the integrity of the wing 
impaired by a downward and hackward movement. 

5 (A, The disposition of tho articular surfaces of the wing 
(particularly that of the shoulder-joint) is such as to facilitate 
the downward and forward movement, while it in a great 
measure prevents the downward and backward one. 

6iA ami lastly. If the wing did in reality strike downwards 
and haekwards, a result the converse of that desired would 
most assuredly be produced, as an oblique surface which 
smites the air in a downward and hackward direction (if 
left to itself) tends to depress the body bearing it. This is 
proved by the action upon the air of free inclined planes, 
arranged in the form of a screw. 

The Wing acts as an Elevator, Propeller, and Sustainer, boik 
during extmshn and flexion. — The wing, as has been ex- 
plained, is recovered or drawn off the wind principally by the 
contraction of the elastic ligaments extending between the 
joints, so that the pinion dming flexion enjoys a certain 
degree of repose. The time occupied in recovering is not 
lost so long as the wing makes an angle with the horizon 
and the bird is in motion, it being a matter of indifference 
whether the wing acts on the air, or the air on the wing, so 
long as the body bearing the latter is under weigh ; and this 
is the chief reason why the albatross, which is a very heavy 
bird,^ can sail about for such incredible periods without flap- 
ping the wings at all. Captain Button thus graphicaUy 
describes the sailing of this magnificent bird ; — " The flight of 
the albatross is truly majestic, as with outstretched motionless 
wings he sails over the surface of the sea — now rising high 
in air, now with a bold sweep, and wings inclined at an angle 
with the horizon, descending until the tip of the lower one all 
but touches the crest of the waves as he skims over them."^ 

Birds of FUglit divisible into four Mnds : — 

1st. Such as have heavy bodies and short wings witli a 
rapid movement (fig. 59, p. 126). 

^ The average weight of the albstroaa, aa given l>y Gould, ia 17 Iba, — Ibia, 
2d aeries, vol. i. 1865, p. 296. 

' "On aonieoftiieBivila iiiliabiting tho Southern Ocean," by Capt. J. W. 
Hutton.—Ibia, 21 series, vol. i. :865, p. 282. 
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2d. Such as have bght bodies and large wings with a 
leisurely movement (fig. CO, p. 126; fig. 103, p. 186). 

3il. Such as have heavy bodies and long narrow wings 
with a decidedly slow movement (fig. 105, p. 200). 

itk. Such as are intermediate with regard to the size of 
body, the dimensions of the wing, and the enei^ with which 
it is driven (fig. 102, p. 183; fig. 106, p. 203; fig. 107, 
p. 204). 

They may be subdivided into those which float, skim, or 
glide, and those which fly in a straight line and irregularly. 

The pheasant, partridge (fig. 59, p. 126), grouse, and quail, 
furnish good examples of the heavy-bodied, short-winged 
birds. In these the wing is rounded and deeply concave. 
It is, moreover, wielded with immense velocity and power. 

The heron (fig 60, p 126), sea mew (fig 103, p 186), lap- 
wing (fig 63, p 13S), and owl (fig 104), supply examples of 
the 'iccond class, where the wing, as compared v, ith the body, 
IS very ample, and where conser^uently it is mo^ed more 
leisurely and less energeti tally. 




— — - The Cap* Barn Owl (Sirie cnprnsij Btnlth) as seen in Ml flight, 
ImnHng The under suifaLe of the n ngs anrt builj are inchucl tlightly 
■ and art npon tho air after tin- ii inner of a kite (Comlinre with 



The albatross (fig, 105, p. 200) and pelican afford in- 
stances of the third class, embracing the heavy-bodied, long- 
winged birds. 

The duck (fig. 107, p. 204), pigeon (fig. 106, p. 203), crow 
and thrush, are intermediate, both as regards the size of the 
wing and the rapidity with which it is made to oscillate. 
These constitute the fourth class. 

The albatross (fig. 105, p. 200), swallow, eagle, and hawk, 
provide instances of sailing or gliding birds, where the wing 
is ample, elongated, and more or less pointed, and where acl- 
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vantage is taken of the weight of the body and the shape of 
tlie pinion to utilize the air as a supporting medium. In 
these the pinion acts as a long lever,^ and is wielded with 
great precision and power, particularly at the shoulder. 

The Flight of the Albah-oss compared to the Movements of a 
GompMS set upon Gimbals. — A careful examination of the 
movements in skimming birds has led me to conclude that 
by a judicious twisting or screw-like action of the wings at 
the shoulder, in which the pinions are alternately advanced 
towards and withdrawn from the head in a manner analogous 
to what occurs at the loins in skating without lifting the 
feet, birds of this order can not only maintMn the motion 
which they secure by a few energetic flappings, but, if neces- 
sary, actually increase it, and that without either bending the 
wing or beating the air. 

The forward and backward screwing action of the pinion 
referred to, in no way interferes, I may remark, with the rota- 
tion of the wing on its long axis, the pinion being advanced 
and screwed down upon the wind, and retracted and un- 
screwed alternately. As the movements described enable 
the sailing bird to tilt its body from before biickwards, or 

1 Advantages possessed Sy long Pinions. — The long narrow wings are most 
cITectivB as elevators and propellers, from the fact (pointed out by Mr. Wen- 
ham) that at high speeds, with very oblique incidenees, the supporting effect 
becomes transferred to thejront edge of the pinion. It ia in this way "that 
the effective propellii^ area of the two-bladed Ecreir ia tantamount to ita 
entire circle of revolution." A similar principle was announced Vy Sir George 
Cayley npwarda of fifty years ago. " InveTj/acuU aitgles with the current, it 
appears that the centre of resistance in the sidl does not coincide with the 
centre of ita surface, but is conaidemblif in front qf it. As the obliquity of 
the current decreases, these centres approach, and coindde when the current 
becomes perpendicnlarto the plane; hence any heel of the machine backwards 
or forwards removes the centre of support behind or liefore the point of sua- 
pfflsion." — Nicliolson's Journal, vol. iiv. p. 83. When the speed attahied 
by the bird is greatly accderated, and the stratwin qf air passed over in amy given 
tiine emenaimsly increased, the support afforded by the air to the indined 
l-lanes formed by the wings ij likewise augmented. This is proved by tlie 
rapid flight of skimming or sailing birds when tlie wii^s are raored at long 
intervals and very leisurely. The same principle supports the skater m he 
rushes impetuously over insecure ice, and the thin flat stone projected along 
the surface of still water. The velocity of the movement in either case pre- 
vents sinlting by not giving tlie supporting particles time to separate. 
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the converse, and from side to side or laterally, it may be 
represented as oscillating on one of two centres, as shown 
at fig. 105; the one corresponding with the long axis of 
the body (fig. 105, ab), the other with the iong axis of the 
wings {c d). Between these two extremes every variety of 
sailing and gliding motion which is possible in the mariner's 
compass when set upon gimbals may be performed ; so that 
a skimming or saOing bird may be said to possess perfect 
command over itself and over the clement in which it moves. 




Captain Hutton makes the foHotving remarkable state- 
ment regarding the albatross ;■ — " I have sometimes watched 
narrowly one of these birds sailing and wheeling about in all 
directions for more than an hour, without seeing the slightest 
movement of the wings, and have never witnessed anything 
to equal the ease and grace of this bird as he sweeps past, 
often within a few yards, every part of his body perfectly 
motionless except the head and eye, which turn slowly and 
seem to take notice of eveijthing." ^ 

" Tranquil its spirit seem'd and floated slow ; 



As an antithesis- to the apparently lifeless wings of the 
1 "On fiome 111' the Biriis inliabiting the Southern Ooemi." — Ihis, 2d series. 
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alliatross, the ceaseless activity of those of tho humming-bird 
may be adduced. In those deJicate and exquisitely beautiful 
birds, the wings, according to Mr. Gould, move so rapidly 
when the bird is poised before an object, that it is impossible 
for the eye to follow each stroke, and a hazy circle of indis- 
tiaotness on each side of the bird is all that is perceptible. 
When the humming-bird flies in a horiKOntal direction, it 
occasionally proceeds with such velocity as altogether to elude 
observation. 

The regular and irregular m FUyht. — The coot, diver, duck, 
and goose fly with great regularity in nearly a straight line, 
and with immense speed ; they rarely if ever skim or glide, 
their wings being too small for this purpose. The wood- 
pecker, magpie, fieldfare and sparrow, supply examples of 
what may be termed the " irregular " in flight. These, as is 
well known, fly in curves of greater or less magnitude, 
by giving a few vigorous strokes and then desisting, the 
efl^ect of which is to project them along a series of para- 
bolic curves. The snipe and woodcock are irregular in 
another respect, their flight being sodden, jerky, and from 
side to side. 

Mode of ascending, descending, twning, efc.— Alt birds which 
do not, like the swallow and humming-birds, drop from s 
height, raise themselves at first by a vigorous leap, in which 
they incline their bodies in an upward direction, the height 
thus attained enabling them to extend and depress their 
wings without injury to the feathers. By a few sweeping 
strokes delivered downwards and forwards, in which the 
wings are made nearly to meet above and below the body, 
they lever themselves upwards and forwards, and in a sur- 
prisingly short time acquire that degree of momentum which 
greatly assists them in their future career. In rising from 
the ground, as may readily be seen in the crow, pigeon, 
apd kingfisher {fig, 102, p. 183), the tail is expanded and the 
neck stretched out, so that the body is converted into an 
inclined plane, and acts mechanically as a kite. The centre 
of gravity and the position of the body are changed, at the 
will of the bird by movements in the neck, feet, and tail, 
and by increasing or decreasing the angles which tho under 
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surface of the wings m^kea with the horizon When a bird 
wishes to fiy iii a hen^ontal direction it cau'ses the under 
suitice of its wingi to moke a slight foruarl inglp with the 
horizon When it wishes to ascend, the angle is increased. 
When it wishes to descend, it causes the under surface of the 
wings to make a slight bac/ciaard angle with the horizon. 
When a bird flies up, its wings strike downwards and forwards. 
When it flies down, its wings strike downwards and backwards. 
When a sufficient altitude has been attained, the length of 
the downward stroke is generally curtailed, the mere exten- 
sion and flexion of the wing, assisted by the weight of the 
body, in such instances sufficing. This is especially the case 
if the bird is advancing j^ainst a slight breeze, the effort 
required under such circumstances being nominal in amount. 
That little power is expended is proved by the endless 
gyrations of rooks and other birds; these being continued 
for hours together. In birds which glide or akim, it has 
appeared to me that the wing is recovered much more 
quickly, and the down stroke delivered more slowly, than 
in ordinary flight — in fact, that the rapidity with which the 
wing acts in an upward and downward direction is, ia some 
instances, reversed ; and this is what we should naturally 
expect when we recollect that in gliding, the wings require 
to be, for the most part, in the expanded condition. If 
this obsen-ation be correct, it follows that birds have the 
power of modifying the duration of the up and down strokes 
at pleasure. Although the wing of the bird usually strikes 
the air at an angle which varies from 15° to 30°, the angle 
may be increased to such an extent as to subvert the position 
of the bird. The tumbler pigeon, e.g. can, by slewing its 
wings forwards and suddenly throwing back its head, turn 
a somersault. When birds are fairlyon the wing they have 
the air, unless when that is greatly agitat«d by a storm, 
completely under control. This arises from their greater 
specific gravity, and because they are possessed of independent 
motion. If they want to turn, they have simply to tilt their 
bodies laterally, as a railway carriage would be tilted in 
taking a curve,^ or to increase the number of beats given by 

' " If the ailiatmss Jesircs tu turn to the riglit lie beiuls his hoad ami tail 
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the one wing as eomparetl with the other ; or to keep the 
one wing extended while the other is' partially flexed. Tlie 
neck, feet, and tail may or may not contribute to this result. 
If the bird wishes to rise, it tilts its entire body (the neck 
and tail participating) in an upward direction (fig. 59, p. 126 ; 
fig. 102, p. 183) ; or it rises principally by the action of the 
wings and by muscular efforts, as happens in the lark. The 
bird can in this manner likewise retain its position in the 
air, as may be observed in the hawk when hovering above 
ita prey. If the bird desires to descend, it may reverse 
the direction of the inclined plane formed by the body and 
wings, and plunge head foremost with extended pinions 




(fig. 106) ; or it may flex the wings, and so accelerate its 
pace ; or it may raise its wings and drop parachute-fashion 
(fig. 55, p. 112; g,gat fig. 82, p. 158); or it may even fly 
in a downward direction — a few sudden strokes, a more 
or less abrupt curve, and a cfrtain degree of horizontal 
movement being in either case necessary to break the 

slightly upwards, at the same time iniaing his left side aud wing, and lowering 
the right in proportion to the sharpness of the cnrva he wishes to make, the 
ivii^s heing kept qitite rigid the whole time. To snch an eitent does he do 
this, that in sweeping round, his wings are often pointed in a direction neatly 
perpendicular to the sea ; aud this position of the wings, more or less inclined 
to the horizon, is seen always and only when the bird is turning." — " On some 
of the Birds iohahiting the Southem Ocean." This, 2d series, vol. i, 1865, 
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fall previous to fighting (fig. 107, below). Birds which 
fish on the wing, as the osprey and gannet, precipitate 
themselves from incredible heights, and drop into the water 
with the velocity of a meteorite — the momentiim which 
they acquire during their descent materially aiding them 
in their suhaqueous flight. They emerge from the water 
and are again upon the wing before the eddies occasioned 
by their precipitous descent have well subsided, in some eases 
rising apparently without effort, and in others running along 



and beati 
ThiFli 



ing the surface of the water for a brief period with 

and feet. 
igU of Birds refenible to Muscular Exertion amd IVeight. 



—The various movements involved in ascending, descending, 




Pio. 107.— The Red-hpaded PooSsrf (F^igvla, fenna, Linn.) in the aet of drop- 
ping iijvin tho w«Ur: the liesd and hody being imdined upwards >uA fur- 
waiils, tho feet exjianded. anil tlie wings deliverliy vigorouB short BlrnkeB 
in a dowuwjuil aud fenvard dlroi^on. — OrigiTiul. 

wheeling, gliding, and progressing horizontally, are all the 
result of muscular power and weight, properly directed and 
acting upon appropriate surfaces — that apparent buoyancy' in 
birds which we so highly esteem, arising not irom superior- 
lightness, but from their possessing that degree of solidity 
which enables them to subjugate the air, — weight and inde- 
pendent motion, i.e. motion associated with animal life, or 
what is equivalent tliercto, being the two things indispensable 
in successful aerial progression. The weight in insects and 
birds is in great measure owing to their greatly developed 
muscular system, this being in that delicate state of tonicity 
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which enables them to act through its instrumciit-ality with 
marvellous dexterity and power, and to expend or reserve 
their energies, which they can do with the utmost exactitude, 
in their apparently interminable flights. 

Lifiing-capaci^ of Birds. — The muscular power in birds is 
usually greatly in excess, particularly in birds of prey, as, e.ff. 
the condors, eagles, hawks, and owls. The eagles arc remark- 
able in this respect— these liaving been known to carry off 
young deer, lambs, rabbits, hares, and, it is averred, even 
young chUdren, Many of the fishing birds, as the pelicans 
and herons, can likewise carry consideKible loads of fish;^ 
and even the smaller birds, as the records of spring show, 
are capable of transporting comparatively large twigs for 
building purposes. I myself have seen an owl, which weighed 
a little over 10 ounces, lift 3^ ounces, or a quarter of ite own 
weight, without effort, after having fasted twenty-four hours ; 
and a friend informs me that a short time ago a splendid 
osprey was shot at Littlehampton, on the coast of Sussex, 
with a fish 5 lbs. weight in its mouth. 

There are many points in the history and economy of birds 
which crave our sympathy while they elicit our admiration. 
Their indubitable courage wid miraculous powers of flight 
invest them with a superior dignity, aiid secure for their 
order almost a duality of existence. The swallow, tiny and 
inconsiderable as it may appear, can traverse 1000 miles at a 
single journey; and the albatross, despising compass and land- 
mark, trusts himself boldly for weeks together to the mercy 
or ftiry of the mighty ocean. The huge condor of the Andes 
lifts himself by his sovereign will to a height where no sound 
is heard, save the airy tread of his vast pinions, and, from an 
unseen point, surveys in solitary grandeur the wide range of 
plain and pasture-land;^ while the bald eagle, nothing 
daunted by the din and indescribable confusion of the queen 
of waterfalls, the stupendous Niagara, sits composedly on his 



a ia in the habit, when pursued liy tlie falcon, of disgorging tlw 

is crop in order to redtica liis weiglit. 

ir, on some occasions, attains on altitude of six miles. 
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giddy perch, until uiclination or desire proinpts him to plunge 
into or soar alwve the drenching mists which, shapeless and 
ubiquitous, perpetually rise from the hissing waters of the 
nether caldron. 
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AERONAUTICS. 

The subject of artificial flight, notwithstanding the largo 
share of attention bestowed upon it^ has been particularly 
barren of results. This is the more to be regretted, as the 
interest which has been taken in it from early Greek and 
Koman times has been universal. The unsatisfactory state of 
the question is to be traced to a variety of causes, the most 
prominent of which are — 

Isi, The extreme difficulty of the problem. 

2d, The incapacity or theoretical tendencies of those who 
have devoted themselves to its elucidation. 

3rf, The great rapidity with which wings, especially insect 
wings, are made to vibrate, and the difficulty experienced in 
analysing their movements. 

iih, The great weight of all flying things when compared 
with a corresponding volume of air. 

51k, The discovery of the balloon, which has retarded the 
science of aerostation, by misleading men's minds and causing 
them to look for a solution of the problem by the aid of a 
machine lighter than the air, and which has no analogue in 
nature. 

Flight has been unusually unfortunate in its votaries. It 
has been cultivated, on the one hand, by profound thinkers, 
especially mathematicians, who have worked out innumer- 
able theorems, biit have never submitted them to the test of 
experiment ; and on the other, by uneducated charlatans who, 
despising the abstractions of science, have made the most ridi- 
culous attempts at a practical solution of the problem. 

Flight, as the matter stands at present, may be divided 
into two principal varieties which represent two great sects 
or schools— 
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\st, The Balloonista, or those who advocate the employ- 
iiiont of a machine specificaUy lighter than the air. 

2d, Those who believe that weight ia iieee^ary to flight. 
The second school may be subdivided into 

(a) Those who advocate the employment of rigid inclined 
planes driven forward in a straight line, or revolving 
planes (aerial screws) ; and 
(6) Such as trust for elevation and propulsion to the 
vertical flapping of wings. 

Balloon. — The balloon, as my readers are aware, is con- 
structed on the obvious principle that a machine lighter than 
the air must necessarily rise through it. The Montgolfier 
brothers invented such a machine in 1782. Their balloon 
consisted of a paper globe or cylinder, the motor power being 
super-heated air supplied by the burning of vine twigs under 
it. The Montgolfier or fire balloon, as it was called, was 
superseded by the hydrogen gas balloon of MM. Charles 
and Robert, this being in turn supplanted by the ordinary gas 
balloon of Mr. Green. Since the introduction of coal gas in 
the place of hydrogen gas, no radical improvement has been 
effected, ail attempts at guiding the balloon having signally 
failed. This arises from the vast extent of surface which it 
necessarily presents, rendering it a fair conquest to every 
breeze that blows ; and because the power which animates it 
is a mere lifting power which, in the absence of wind, must 
act in a vertical line. The balloon consequently rises through 
the air in opjiosition to the law of gravity, very much as a 
dead bird falls in a downward direction In accordance with 
it. Having no hold upon the air, this cannot be employed as 
a fulcrum for regulating its movements, and hence the car- 
dinal difficulty of ballooning as an art. 

Finding that no marked improvement has been made in 
the balloon since its introduction in 1782, the more advanced 
thinkers have within the last quarter of a century turned 
their attention in an opposite direction, and have come to 
regard flying creatures, all of which are much heavier than 
the air, as the true models for flying machines. An old 
d«ctrine is more readily assailed than uprooted, and accord- 
ingly we find tlie followers of the new faith met by the 
assertion that insects and birds have large air cavities in 
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their interior ; that those cavities contain heated air, and that 
this heated air in some mysteiious manner contributoa to, if 
it does not actually produce, flight. No argument could be 
more fallacious. Many admirable fliers, such as the bats, 
have no air-cells; while many birds, the apteryx for example, 
and several animals never intended to fly, such as the orang- 
outang and a large number of fishes, are provided with them. 
It may therefore be reasonably concluded that flight is in no 
way connected with air-cells, and the best proof that can be 
adduced is to be found in the fact that it can be performed 
to perfection in their absence. 

The Inclined Flam. — The modem school of flying is in 
some respects quite as irrational as the ballooning school. 

The favourite idea with most is the wedging forward of a 
rigid itbdintd plane upon the air by means of a " vis a tergo." 

The inclined plane may be matle to advance in a homontal 
line, <iT made to rotate in the form of a screw. Both plans 
have their adherents. The one recommends a large support- 
ing area extending on either side of the weight to be elevated; 
the surface of the supporting area making a very slight angle 
with the horizon, and the whole being wedged forward by the 
action of vertical screw propellers. This was the plan sug- 
gested by Henson and Stringfellow. 

Mr. Henson designed bis aerostat in 1843. "The chief 
feature of the invention was the very great expanse of its 
sustaining planes, which were larger in proportion to the 
weight it had to carry than those of many birds. The 
machine advanced with its froni edge a UUle raised, the 
eflect of which was to _ present its under surface to the air 
over which it passed, the resistance of whicli, acting upon it 
like a strong wind on the sails of a windmill, prevented the 
decent of the machine and its burden. The sustaining of 
the whole, therefore, depended upon (fie ^eed at which U 
travelled ihivugh the air, and ike angle at which its under 
mrface impinged on the air in its /ronl. . . . The machine, 
fully prepared for flight, was started from the top of an 
inclined plane, in descending which it attained a velocity 
necessary to sustain it in its further progress. That velocity 
would be gradually destroyed by the resistance of the air to 
forward flight; it was, therefore, the office of the steam- 
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engine and the vanes it actuated simply to repair the loss of 
velocity j it was made therefore only of the power and weight 
necessary for that small effect " (itg. 1 09). The editor of New- 
ton's Journal of Arts and Science speaks of it thus : — " The 
apparatus consists of a ear containing the goods, passengers, 
engines, fuel, etc., to which a rectangular frame, made of 
wood or bamboo cane, and covered with canvas or oiled silk, 
is attached. This frame extends on either side of the ear in 
a similar manner to the outstretched wings of a bird ; but 
with this difference, that the frame is imnwmble. Behind 
the wings are two vertical fan wheels, furnished with oblique 




vanes wliUi in. intended to proxel the anii^tu-, tJii u h 
the air The rainbow like urcuiar wheels are the propellers, 
answenng to the wheels of a ste-^m Ijoat and aitmg upon the 
air after the manner ot a windmill These wheels recene 
motion from bands and pullejs from a steam or other engise 
contained in the ear To an -ixis at the stem of the car a 
triangular frame is attached resembling the tail of a bird 
which 13 also cohered with can\i3 or oiled silk This maj 
be expanded or contiacted at pleasure ind is moved up ind 
down for the purpose of can&ing the mii,hine to ascend or 
descend Beneith the tail is a rudder for directing the 
course of the machine to tlie right or to the left and to 
facilitate the steering a sail is stretched between two masts 
which nse tiom the car The amount of canvas or oiled silk 
necessary for buoying up the machine is stated to be equal 
to one square foot for each half pound of weight." 
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"Wenhim^ his adi ocated the emplojmeut of •'upa imposed 
plane:, with a view to iUp,iiifntin^ the support furniihed 
i*hile it diminishes the horizontal space ou.upied by the 
planes These planes Wenham designates jieroplartes They 
are inclined at a 'very slight tngle to the horizon, ind are 
Hedged forward either by the weight to be elevated oi by the 
eniplojment of verticil strews Wenham s plan w<ia adoj-ted 
by Stnngfellow in a model which he exhibited at the Aeio 
nautical Society? Exhibition held at the CrjEt-J lolai-e m 
the summer of 186'< 

ThL subjoined wooduut (hg 110) taJvenfum a photOj,raph 




of Mr. Stringfellow's model, gives a very good idea of the 
arrangement; abc representing the superimposed planes, d 
the tail, and e/t!ie vertical screw propellers. 

The superimposed planes (a b c) in this machine contained 
a sustaining area of twenty-eight square feet in addition to 
the tail (rf). 

Its engine represented a third of a horse power, and the 
weight of the whole (engine, boiler, water, fuel, superimposed 
planes, and propellers) was under 12 lbs. Its sustaining 
area, if that of the tail (d) be included, was something like 
thirty-six square feet, i.e. three square feet for every pound 
— the sustaining area of the gannet, it will be remembered 
(p. 134), being less than one square foot of wing for every 
two pounds of body. 

"'ASioalLor^motion/' by F. H. Wniih^Yn.— World of &knce,la\i&im. 
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Tho model was forced by its propellers along a wire at a 
great speed, but, so far as I could determine from observa- 
tion, failed to lift itself notwit.bstanding its extreme lightness 
and tbe comparatively very great power employed.^ 

Tlie idea embodied by Henson, Wenham, and Stringfellow 
is plainly that of a boy's kite saUing upon the wind. The 
kite, however, is a more perfect flying apparatus tlian that 
furnished by Henson, Weiiham, and Stringfellow, inasmuch 
as the inclined plane formed by its body strikes the air at 
various angles — the angles varying according to the length of 
string, strength of breeze, length and weight of tail, etc. 
Henson's, Wenham'a, and Stringfellow's methods, although 
carefully tried, have hitherto failed. The objections are 
numerous. In the first place, the supporting planes {aero- 
planes or otherwise) are not flexible and elastic as wings 
are, but rigid. This is a point to which I wish particularly 
to direct attention. Second, They strike the air at a given 
angle. Here, again, there is a departure from nature. Third, 
A machine so constructed must be precipitated from a height 
or driven along the surface of the land or water at a high 
speed to supply it with initial velocity. Fourth, It is un- 
fitted for flying with the wind unless its speed greatly exceeds 
that of the wind. Fifth, It is unfitted for fiying a^rosa 
the wind because of the surface exposed. Sixth, The sus- 
taining surfaces are comparatively very large. They are, 
moreover, passive or dead surfaces, ie. they have no power 
of moving or accommodating themselves to altered circum- 
staneea. Natural wings, on the contrary, present small flying 
surfaces, the great speed at which wings are propelled con- 
verting the space through which they are driven into what 
is practically a solid basis of support, as explained at pp. 118, 
119, 151, and 152 {vide figs. 64, 65, 6C, 82, and 83, pp. 139 
and 158). This arrangement enables natural wings to seize 
and utUize the air, and renders them superior to adventitious 
currents. Natural wings work up the air in which they move, 
but unless the flying animal desires it, they are scarcely, if at 
all, influenced by winds or currents which are not of their 
own forming. In this respect they entirely differ from the 
' Mr. Stringfellow stated that liis machine occasionally left the viire, wiii 
was sustained by its superimposed planes alone. 
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balloon vii all forms of fixed aeroplanes In nature, small 
winj,a druen -it a liigli speed produce the same result as large 
wings driven at a slow speed (compaie lig 58, p. 125, with 
fig 57, p 124) In flight a C6rt\m space must be covered 
either by lar^e wings spread out as a solid (fig. 5 7, p. 1 24), or 
by '^mall wingb vibrating rapidly (hgs 64, C5, and 66, p, 1 39). 




rijins A- 



The Aenal Screw. — Oui countryman, Sir Georgo Cayley, 
gave the first practical illustration of the efficacy of the screw 
as appKed to the air in 1796. In that year he constructed a 
email machine, consisting of two screws made of quill feathers 
(fig. 111). Sir Geoige writes as under: — 

" As it may be an amusement to some of your readers to 
see a machine rise in the air by mechanical means, I will eon- 
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elude my present communication by describii^ an instrument 
of this kind, which any one can construct at the expense of 
t«n minutes' labonr. 

"aandi(fig. Ill, p. 215) are two corks, into ea«h of which 
are inserted four wing feathers from any bird,so as to be slightly 
led like the sails of a windmill, but in opposite directions 
in each set, A round shaft is fixed in the cork a, which ends 
in a sharp point. At the upper part of the coik h is fixed a 
whalebone bow, having a small pivot hole in its centre to 
receive the point of the shaft. The bow is then to be strung 
equally on each side to the upper' portion of the shaft, and 
the little machine is completed. Wind up the string by 
turning the flyers different ways, so that the spring of the 
bow may unwind them with their anterior edges ascending ; 
then place the cork with the bow attached to it upon a table, 
and with a finger on the upper cork press strong enough to 
prevent the string from unwinding, and, taking it away sud- 
denly, the instrument will rise to the ceiling." 

Cayle/s screws were peculiar, inasmuch as they were super- 
imposed and rotated in opposite directions. He estimated 
that if the area of the screws was increased to 200 square 
feet, and moved by a man, they would elevate him. Caylej's 
interesting experiment is described at length, and the ap- 
paratus figured in Nicholson's Journal for 1809, p. 172. In 
1842 Mr. Phillips also succeeded in elevating a model by 
means of revolving fans. Mr. Phillips's model was made 
entirely of metal, and when complete and charged weighed 
2 lbs. It consisted of a boiler or steam generator and four 
fans supported between eight arms. The fans were inclined 
to the horizon at an angle of 20°, and through the arms tlie 
steam rushed on the principle discovered by Hero of Alexan- 
dria. By the escape of steam from the arms, the fans were ' 
made to revolve witb immense energy, so much so that the 
model rose to a great altitude, and flew across two flelds 
before it alighted. The motive power employed in the pre- 
sent instance was obtained from tlie combustion of charcoal, 
nitre, and gypsum, as used in the original fire annihilator ; 
the products of combustion mixing with water in the boiler, 
and forming gas charged steam, which was delivered at a 
high pressure from the extremities of the eight arms. This 
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model is remarkable as being probably the first which actuated 
by steam has flown to a considerable diatince ^ Iho Tiench 
ha-se espoused tht, aeiial !,crew w th ^reit enthususm ind 
■within the last t. ^e t 1^ ; MM NaUr I ntm 




d'Anito)Urt, and do ia Landelle have constructed clocicwort 
models (milwpteres), which not only raise tliemselves into the 
air, but carry a certain amount of freight. These models are 

' Report on !!ie First Exhibition of tha Al-ronautical Society of Gi-ent 
Critain, held at tlia Crystal Palace, London, in June 1868, p 10. 

' Mons. Nadar, in a paper written in 186S, enters very fully into tlie snli- 
ject of urtiadal fliglit, aa perfonoeii by tiie aid of tlifl Boraw. Liberal extia«ls 
are giv^en from Nadar'a paper in Astra Castra, by Captain Hatton Tunier. 
London, 1865, p. 340. To Tumer's hfuidsome volume tlie reader ia i-efevrel 
for mucli outioiis and Interesting information on tlio subject of Aerostation. 
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exceedingly fragile, and because of the prodigious force 
required to propel tkem uaually break after a few triaJa. 
Fig. 112, p. 217, embodies M. de la Landelle's ideas. 

In the helicopteric models made by MM. Nadar, Pontin 
d Am6court and de la Landelle, the screws (mnopqrst of 
fi^re) are aiian^ed m tiers, i.e. the one screw is placed 
ibove the other In thii respect they resemble the aero- 
l lanes lecoinnienkd ly Air Wenham, and tested by Mr. 
Stnn^fellow {compaxe mnopqrst of fig. 112, with ahc of 
ftg 110 p "13) The superimposed screws, as already 
e;..plained, were first figured and described by Sir George 
Gayley (p. 315), The IVench screws, and that employed by 
Mr. Phillips, are rigid or unyielding, and strike the air ni a 
given angle, and herein, I believe, consists their principal 
defect This arrangement results in a ruinous expeudiiure of 
power, and is accompanied by a great amount of slip. The 
aerial Hcrew, and the machine to be elevated by it, can be set 
in motion without any preliminary run, and in this respect it 
has the advantage over the machine supported by mere sus- 
taining planes. It has, in fact, a certain amount of inherent 
motion, its screws revolving, and supplying it with active or 
moving surfaces. It is accordingly more independent than 
the machine designed by Henson, Wenham, and Stringfellow. 

I may observe with regard to the system of rigid inclined 
planes wedged forward at a given angle in a straight line or 
in a circle, that it does not embody the principle carried out 
in nature. 

The wing of a flying creature^ as I iaye tabfia yaim to 
show, is not Hgid; neither does it always strike the air at 
a given angle. On the contrary, it is capable of moving in 
all its parts, and attacks the air at an infinite variety of 
angles (pp. 151 to 154). Above aD, the surface exposed by 
a natural wing, when compared with the great weight 
it is capable of elevating, is remarkably small (fig. 89, 
p. 171). This is accounted for by the lei^h and the great 
range of motion of natural wings ; the latter enabling the 
wings to convert large tracts of air into supporting areas (figs. 
G4, 65, and 66, p. 139). It is also accounted for by the 
multiplicity of the movements of natural wings, these enabling 
the pinions to create and rise upon currents of their own 
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forming, and to avoid natural currents when not adapted for 
propelling or sustaining purposes (fig. 67, 68, 69, and 70, 
p. 141). 

If any one watches an insect, a bat, or a bird when dressing 
its wings, he will observe that it can mcbne the under sui 
face of the wing at a gieat variety of angles to the hoii/on 
This it does by causing the po-'tcnor or thm maigm of the 
wing to rotate around the anterior or thick mirgin as an 
axis. As a result of this movement, the two niargins aie 
forced into double and opposite curves, and the wing con 
verted into a plastic helix or screv. He wdl further observe 
that the bat and bird, and some insects, have, in addition, the 
power of folding and drawing the wing towards the body 
during the up stroke, and of pushing it away from the body 
and extending it during the down stroke, so as alternately to 
diminish and increase its area; arrangements necessary to 
decrease the amount of resistance experienced by the wing 
during its ascent, and increase it during its descent. It is 
scarcely requisite to add, that in the aeroplanes and aerial 
screws, aa at present constructed, no provision whatever is 
made for suddenly increasing or diminishing the flying sur- 
face, of conferring elasticity upon it, or of giving to it that 
infinite variety of angles which would enable it to seize 
and disentangle itself from the air with the necessary 
rapidity. Many investigators are of opinion that flight is 
& mere question of levity and power, and that if a machine 
could only be made light enough and powerful enough, 
it must of necessity fly, whatever the nature of its flying 
surfaces. A grave fallacy lurks here. Birds are not more 
powerful than quadrupeds of equal size, and Stringfellow's 
machine, which, as we have seen, only weighed 12 lbs., 
exerted me-third of a }un-se povjer. The probabilities there- 
fore are, that flight is dependent to a great extent on the 
nature of the flying surfaces, and the mode of applying those 
sur&oes to the air. 

Aiiifidal Wings (Borelli's Views). — With regard to the 
production of fliffht by the flapping of wings, much may and 
has been said. Of all the methods yet proposed, it is unques- 
tionably by far tho most ancient. Discrediting as apocryphal 
the famous story of Dtedalus and his waxen wings, we cer- 
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tainly have a very graphic account of artificial wings in the 
De Motu Animalium of Eorelli, published as fax hack as 
1C80, i.e. nearly two centuries ago.^ 

Indeed it will not be too much to affirm, that to this dis- 
tinguished physiologist and mathematician belongs almost all 
the knowledge we possessed of artificial wings up till 1865. 
He was well acquainted with the properties of the wedge, as 
applied to flight, and he was likewise cognisant of the flexible 
and elastic properties of the wing. To him is to he traced 
the purely mechanical theory of the wing's action. He figured 
a bird with artificial wings, each wing consisting of a i-igid 
rod in frtmt and fieaaMe feathers behind. I have thought fit 
to reproduce Eorelli's figure both because of its great antiquity, 
and because it is eminently illustrative of liia text.^ 




Fm, lis.— Botolli's AriiBcla! Bird. 

The wings (b c/, oca), are represented as striking vertically 
downwards {g h). They remarkably accord with those de- 
scribed by Straus-Durckheim, Girard, and quite recently by 
Professor Marey.* 

Eorelli is of opinion that flight results from the application 
of an inclined plane, which beats the air, and which lias a 
wedge action. He, in tact, endeavours to prove that a bird 
wedges itself forward upon the air by the perpendicular vibra- 

' Borelli, De Motu Aiiinialium. Sm. 4to, 2 toIb. Rom^, 1680. 
' De Motu Animalium, Lngduni Batovornm npud Petram Vander. Anuo 
MDtDOLXV. Tab. XIII. figure 2. (N«w edition,! 
' lifivue des Ours Seieiitifiqiies de la France et ile TELranger, Mai's 1S8H, 
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tion of its wings, the wings during their action forming a 
wedge, the base of which (c h e) is directed towards the head 
of the bird ; the apex (a/) being directed towards tlie tail. 
This idea is worked out in propositions 195 and 196 of the 
first part of Borelli's book. In proposition 195 he explains 
how, if a wedge be driven into a body, the wedge will tend 
to separate that body into two portions ; but that if the two 
portions of the body be permitted to react upon the wedge, 
they will communicate oblique impulses to the sides of the 
wedge, and expel it, base first, in a straight line. 

Following up the analogy, Borelli endeavours to show in 
his 196th proposition, " that if the air acts obliquely upon 
tlie wings, or the wings obliquely upon the air (which is, of 
course, a wedge action), the result wiU be a horizontal trans- 
ference of the body of the bird." In the proposition referred to 
(196) Borelli states — " If the expanded wings of a bird sus- 
pended in the air shall strike the undisturbed air beneath it 
with a motion pej-pendtctdar io Ike horizon, the bird will fly 
wiih a tra/tisverse motion in a plane parallel with the horizon." 
In other words, if the wings strike ■vertically downwards, the 
bird will fly horizontally forwmds. He bases his ai^ument 
upon the belief that the anterior margins of the wings are 
rigid and v/nyielding, whereas the posterior and after parts of 
the wings are mm-e or less flexible, and readily give way under 
pressure. " If," he adds, " the wings of the bird be expanded, 
and the under surfaces of the wings he struck by the air 
ascending peipejidimdarly to Vie horizon, with such a force 
as shall prevent the bird gliding downwards (i.e. with a 
tendency to glide downwards) from falling, it will be urged 
in a horizontal directioTi. This follows because the two 
osseous . rods (virgse) forming the anterior margins of the 
wings" resist the upward pressure of the air, and so retain 
their original form (literally extent or expansion), whereas 
the flexible after-parts of the wings (posterior margins) are 
pushed up and approximated to form a cone, the apex of 
which {vide a/of iig. 113) is directed towards the tail of the 
bird. In virtue of the air playing upon and compressing the 
sides of the wedge formed by the wings, the wedge is driven 
forwards in the direction of its base (c b e), which is equiva- 
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lent to saying that the wings carry the body of the bii-d to 
which they arc attached in a hormnto.1 direcimt." 

Borclli restates the same argument in different words, as 
follows r — 

" If," he says, " the air under the wings be struck by the 
flexible portions of the wings (^flalella,, literally fly-flaps or 
small fans) with a motion perpendicular to the horizon, the 
sails (vela) and flexible portions of the wings (flahella) will 
yield in an upward direction, and form a wedge, the point of 
which is directed towards the tail. Whether, therefore, the 
air strikes the wings from below, or the wing3 strike the air 
from above, the result ia the same— the posterior or flexible 
margins of the wings yield in an upwai'd direction, and in 
so doing urge the bird in a horizontal direction." 

In his 197th proposition, Borelli follows up and amplifies 
the arguments contained in propositions 195 and 196. "Thus," 
he observes, " it is evident that the object of flight is to 
impel birds upwards, and keep them suspended in the air, 
and also to enable them to wheel round in a plane parallel to 
the horizon. The first (or upward flight) could not be accom- 
plished unless the bird were impelled upwards by frequent 
leaps or vibrations of the wings, and its descent prevented. 
And because the downward tendency of heavy bodies is per- 
pendicular to the horizon, the vibration of the plain surfaces 
of the wings must be made by striking the air beneath them 
in a direction perpendicular to the horizon, and in this man- 
ner nature produces the suspension of birds in the air." 

" "With regard to the second or transverse motion of birds 
(i.e. horizontal flight) some authors have strangely blundered; 
for they hold that it is like that of boats, which, being im- 
pelled by oars, moved horizontally in the direction of the 
stem, and pressing on the resisting water behind, leaps with 
a contrary motion, and so are carried forward. In the same 
manner, say they, the wings vibrate towards the tail with a 
horizontal motion, and likewise strike against the undisturbed 
air, by the resistance of which they are moved forward by a 
reflex motion. But this is contrary to the evidence of our 
sight as well as to reason ; for we see that the larger kinds 
of birds, such as swans, geese, etc., never vibrate their wings 
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when flying towards the tail with a horizontal motion like 
that of oars, but always bend them downwards, and so describe 
circles raised perpendiculai'ly to the horizon.^ 

Besides, in boats the horizontal motion of the oars is easily 
made, and a perpendicular stroke on the water would be per- 
fectly useless, inasmuch as their descent would be impeded 
by the density of the water. But in birds, such a horizontal 
motion (which indeed would rather hinder flight) would be 
absurd, since it ■would cause the ponderous bird to fall head- 
long to the earth; whereas it can only be suspended in the 
air by constant vibration of the wings perpendicular to tlte 
horizon. Nature was thus forced to show her marvellous skill 
in producing a motion which, by one Sind the same action, 
should suspend the bird in the air, and carry it forward in a 
horizontal direction. This is effected hy striking the air 
below perpendicularly to the horizon, but with oblique 
strokes — an action which is rendered possible only by fiie 
flexibility of the feathers, for the fans of the wings in the act 
of striking acquire the form of a wedge, by the forcing out of 
which the bird is necessarily moved forwards in a horizontal 
direction." 

The points which BoreUi endeavours to establish are 
these: — 

First, That the action of the wing is a wedge action. 

Second, That the wing consists of two portions— -a rigid 
anterior portion, and a tiOtt-ri{!id flexible portion. The rigid 
portion he represents in his artificial bird (fig. 113, p. 220) as 
consisting of a ivd (e r), the yielding portion of feathers {a o). 

Third, That if the air strikes the under surface of the 
wing perpendicularly in a direction from below upwards, tlie 
flexible portion of the wing will yield in an upward direction, 
and form a wedge with its neighbour. 

Fourth, Similarly and conversely, if the wing strikes the 

' It is clear from the atiore that Borelli did not know tliat the wings of 
binls strike /onmoif&i as well as downwards (luring the down etroke, and /or- 
taerds as well as upwards dniing the up stroke. TheSB points, as well as tlie 
twisting and nntwisting flgnre-6f-8 action of tlie wing, were Hrat described by 
the anthor. Borelli seems to liave been equally ignorant of the fact that the 
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air perpendicularly from atiove, the posterior and flexible 
portioQ of the wing will yield and be forced in an upward 
direction. 

Fifth, That this upward yielding of the posterior or flexible 
margin of the wing results in and necessitates a Jmizonial 
Iransference of the body of the bird. 

Sixth, That to sustain a bird in the air the wings must 
strike verlically dmewwards, as this is the direction in which a 
lieavy body, if left to itself, would lall. 

Seventh, That to propel the bird in a homontal direction, 
the. wings must descend in a perpendicular direction, and the 
posterior or flexible portions of the wings yieM in art upward 
diredimt, and in such a manner as virtually to ctanmunicate 
an oblique action to them. 

Eighth, That the feathers of the wing are behi in an. 
iipvia/rd direction when the wing descends, the upward bending 
of the elastic feathers contributing to the horizontal travel of 
the body of the bird. 

I have been careful t-o expound Borelli's views for several 
reasons: — 

Isl, Because the purely mechanical theory of the wing's 
action is clearly to be traceii to him. 

2d, Because his doctrines have remained unquestioned for 
nearly two centuries, and have been adopted by all the writers 
since his time, without, I regret to say in the majority of 
cases, any acknowledgment whatever. 

3d, Because his views have been revived by the modem 
French school ; and 

ith. Because, in commenting upon and differing from 
Borelli, I will necessarily comment upon and differ from all 



Js to the Direction of Ike Stroke, yielding of ike TFiiig, etc. — 
The Duke of Ai^ll* agrees with Borelli in believing that the 
wing invariably strikes perpendicvlarly dmonwards. His words 
are — " Except for the purpose of arresting their flight birds 
can never strike except directly downwards ; that is, against 
the opposing force of gravity." Professor Owen in his Com- 
fiarative Anatomy, Mr. Macgillivray in his British Birds, Mr. 
Dishop in his article " Motion " in the Oyclopedin of Anatomy 
1 "RdgnofLaw"— Good Words, 1865. 
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and Physiology, and M. Liais " On the Flight of Birds and 
Insects " in the Annals of Natural History, all assert that tlie 
stroke is delivered downwm-ds and more or lesa backwards. 

To obtain an ujward rocoil, one would naturally suppose all 
that is required is a donmeard stroke, and to obtain an upward 
and forward recoil, one would naturally conclude a downward 
and backward stroke alone is requisite. Such, however, is not 
the case. 

In the first place, a natural wing, or a properly constructed 
artificial one, cannot be depressed eitlier vtrlically dovmwards, 
or dmimwards and barJoDards. It will of necessity descend 
downwards and forwards in a curve. This arises from its 
being flexible and elastic throi^hout, and in especial from its 
being carefully graduated as regards tJiickness, the tip being 
thinner and more elastic than the root, and the posterior 
mai^in than the anterior margin. 

In the second place, there is only one direction in which 
the wing could strike so at once lo sufpoii and carry the bird 
fom'ard. The bird, when flying, is a body in motion. It has 
therefore acquired momentum. If a grouse is shot on the 
wing it (foes nol fall vertically downwards, as Borelli and his 
successors assume, but downwards and forwards. The flat 
surfaces of the wings are consequently made to strike down- 
wards and forwards, as they in this manner act as kites to 
the falling body, which they bear, or tend to bear, upwards 
and forwards. 

So much for the direction of the stroke during the descent 
of the wing. 

Let us now consider to what eitent the po^tenor margin 
of the wing yields in an vpuaid diiechon when the ■nm^ 
descends. Borelli docs not state the exact amount The 
Duke of Argyll, who belie\es with Borelli that the posterior 
mai^n of the wing is ele\ated during the down stroke, a^ers 
that, " whereas the air compressed in tlie hollow of the wmg 
cannot pass through the wing owing to theclosmg upwards of 
the feathers against each other, or escape forwards because of 
the rigidity of the bones and of the quills in this direction, it 
passes backwards, and in so doing lifts by its force the elastic 
ends of the feathers. In parsing backwards it communicates 
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to the whole line of hoth wings a corresponding push forwards 
to the body of tho bird. The same volume of air la thus 
made, in accordance with the law of action and reaction, to 
sustain the bird and carry it fmicard."'^ Mr, Macgillivray 
observes that " to progress in a horizontal direction it is neces- 
sary that the downward stroke should be modified hy the ele- 
vation in a certain decree of the free extremities of the qaUls." * 

Mare^s VieiDS. — ^Professor Marey states that during the 
down drake the posterior or flexible margin of the wing yields 
in an upward direction to such an extent as to cause the under 
surface of the wing to look backwards, and make a backward 
angle with the horizon of 45° plm or miniis according to 
circumstances.* That the posterior margin of the wing yields 
in a slightly upward direction during the down stroke, I 
admit. By doing so it prevents shock, confers continuity of 
motion, and contributes in some measure to the elevation of 
the wing. The amount of yielding, however, is in all cases 
very slight, and the little upward movement there is, is in 
part the result of the posterior margin of the wing rotating 
around the anterior mai^n as an axis. That the posterior 
margin of the wing never yields in an upward direction until 
the under surface of the pinion makes a backward angle 
of 45° with the horizon, as Marey remarks, is a matter of 
absolute certainty. This statement admits of direct proof. 
If any one watches the horizontal or upward flight of a large 
bird, he will observe that the post«rior or flexible margin of 
the wing never rises during the down stroke to a perceptible 
extent, so that the under surface of the im/ng on no occasion 
looks backwards, as stated by Marey. On the contrary, he 
will find that the, under surface of the vAng {during the down 
stroke) invariably looks forwards — the posterior margin of 
the wing being inclined downwards and backwards; as shown 
at figs. 82 and 83, p. 158; fig. 103, p. 186; fig. 85 (abc), 
p. 160; and fig. 88 (edefg), p. 166. 

The under surface of the wing, as will be seen from this 

' "RfiignotLaw"— Good Worfa, FebruBiy 1865, p. 12S, 

' History of British Birils. Loud. 1S37, p. 43. 

s " Mechanisme dii vol chez les insectee. Comment se fait l.i prnpulsion,'- 
by Professor E. J. Marey. Revile des Couia Scientiliaiies do In I'muce et de 
I'Etnuigep, for 20th March 1869, p. 254. 
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account, not only always looks fm-wards, but it forms a true 
kit« with the horizon, the angles made by the kite varying at 
every part of the down stroke, as shown more particularly at 
d,e,f,g ; 3,1c,l,m, of fig, 88, p. 166. I am therefore oppos2d 
to Borelli, Ma^^livray, Owen, Bishop, M. Iiiais, the Duke of 
Argyll, and Mareyas to the direction and nature of the down 
stroke. I differ also as to the direction and nature of the up 
stroke. 

Professor Marey states that not only does the posterior 
margin of the wing yield in an v.;pward direction during 
the dovnt stroke until the under surface of the pinion makes 
a backward angle of 45° with the horizon, but that during 
the up slmke it yields to the same extent in an opposite direc- 
tion. The posterior flexible margin of the wing, according 
to Marey, passes through a space of 90° every time the wing 
reverses its course, this space being dedicat«d to the mere 
adjusting of the planes of the iring for the purposes of 
flight. The planes, moreover, he asserts, are adjusted not by 
vital and vito-mechanical acts but by the action of the air 
aJom ; this operating on the under surface of the wing and 
forcing its posterior margin upwards during Ike down stroke ; 
the air during the up stroke acting upon the posterior margin 
of the upper surface of the wing, and forcing it dmcnwwrds. 
This is a mere repetition of Borelli's view, Marey dele- 
gates to the air the difficult and delicate task of arranging 
the details of flight. The time, power, and space occupied 
in reversing the wing alone, according to this theory, are such 
as to render flight impossible. That the wing does not act 
as stated by Borelli, Marey, and others may be readily proved 
by experiment. It may also be demonstrated mathematically, 
as a reference to figs, lliand 115,p. 228, will show. 

Let ah of fig. IH represent the horizon; mn the line of 
vibration; xc the wing inclined at an upward backward 
angle of 4:5° in the aot of making the down stroke, and xd 
the wing inclined at a downward backward angle of 45° and 
in the act of making the up stroke. When the wing xe 
descends it will tend to dive downwards in tlie direction/ 
giving very little of any horizontal support {a h) ; when the 
wing X d ascends it will endeavour to rise in the direction ff, as 
it darts up like a kite (the body bearing it being in motion). 
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If we take the resultant of these two forces, we have at most 
propulsion m the direction a h. This, moreover, would only 
hold true if the bird was as light as air. As, however, gravity 
tends to pull the bird downwards as it advances, the real 
flight of the bird, according to this theory, would fall in 
a line betw een b and /, probably in x h. It could not possibly 
be otherwise ; the wing described and figured by Borelli and 
Marey la m one piece, and made to vibrate vertically on either 
side of a given line. If, however, a wing in one piece is 
elevated and depressed in a strictly perpendicular direction, 
it is evident that the wing will experience a greater resist- 
ance during the vp stroke, when it is acting against g^-aviiy, 
than during the down stroke, when it is acting with gravity. 




As a consequence, the bird will be more vigorously depressed 
during the ascent of the wing than it will be elevated during 
its descent. That the mechanical wing referred to by Borelli 
and Marey is not a fiying wing, but a mere propelling ap- 
paratus, seems evident to the latter, for he states that the 
winged machine designed by him has nnquestionably not 
mot/jr power enough to suj^ort its own weight.^ 

The manner in which the natural wing (and the artificial 
wing properly constructed and propelled) evades the resistance 
of the air during the up stroke, and gives continuous support 
and propulsion, is very remarkable. Fig. 115 illustrates the 
true principle: Let ab represent the horizon; mn the direc- 
tion of vibration; zs the wing ready to make the down 
stroke, and xt the wing ready to make the up stroke. When 
the wing xs descends, the posterior margin (s) is screwed 
1 Revue des Corns Seiciitifiques de la Frani^ et de I'Etranger. 8vo. Mnrdi 
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dommards and forwards in the direction s, t; the forward angle 
which it makes with the horizon increasing as the wing 
descends (compare with fig. 85 (ate), p. 160, and fig. 88 
{cdefjip. 166). The air is thua seized by a great variety 
of inclined surfaces, and as the under surfeee of the wing, 
which is a true kite, looks wptcards and forwards, it tends to 
cariy the body of the bird upwards and forwards in the direc- 
tion xw. When the wing xt makes the up stroke, it rotates 
in the direction (s to prepare for the second down stroke. 
It does not, however, ascend in the direction ts. On the 
contrary, it darts up like a true kite, which ifc is, in the direc- 
tion XV, in virtue of the reaction of the air, and because the 
body of the bird, to which it is attached, has a forward 
motion communicated to it by the wing during the down 
stroke (compare with gkiot^g. 88, p. 166). The resultant 
of the forces acting in the directions x v and x b, is one acting in 
the direction x w, and if allowance be made for the operation 
of gravity, the flight of the bird will correspond to a line 
somewhere between w and b, probably the line x r. This 
result is produced by the wing acting as an eccentric — by 
the upper concave surface of the pinion being always directed 
upwards, the under concave surface downwarcb — by the 
under surface, which is a true kite, darting forward in wave 
carves both during the down and np strokes, and never 
making a backward angle with the horizon (fig. 88, p. 166); 
and lastly, by the wing employing the air under it as a ful- 
crum during the down stroke, the air, on its own part, react- 
ing on the under surface of the pinion, and when the proper 
time arrives, contributing to the elevation of the wing. 

If, as Borelli and his successors believe, the posterior 
margin of the wing yielded to a marked extent in an upward 
diredioa during the dovm. stroke, and more especially if it 
yielded to such an extent as to cause the under surface of the 
wing to make a lachxa^-d angle with the horizon of 45°, one of 
two things would inevitably follow— either tlie idr on which 
the iring depends for support and propulsion would be per- 
mitted to escape before it was utilized ; or the wing would 
dart rapidly dovmward, and carry the body of the bird with 
it. If the posterior margin of the wing yielded in an upward 
direction to the extent described by Marey during the down 
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stroke, it would bo tantamouiifc to removing the fulcrum (tlie 
air) on which, the lever formed by the wing operates. 

If a bird flies in a horizontal direction the angles made by 
tlie under surface of the wing with the horizon ag% very slight, 
but they dtvays look forwards (fig. 60, p. 126). If a bird 
flies upwards the angles in question are increased (fig. 59, p. 
126). In no instance, however, unless when the bird is 
everted and flying downwards, is the posterior margin of the 
wing on a higher hvel than the anterior one {fig. 106, p. 
203). This holds true of natural flight, and consequently 
also of artificial flight 

These remarks are more especially applicable to the flight 
of the bat and bird where the wing is made to vibrate more 
or less perpendicularly (fig. 17, p. 36; figs. 83 and 83, p. 
158. Compare with fig. 85, p. 160, and fig. 88, p. 166). If 
a bird or a bat wishes to fly upwards, its flying surfaces 
must always be inclined upwards. It ia the same with tho 
fish, A fish can only swim upwards if its body is directed 
upwards. In the insect, as has been explained, the wing 
is made to vibrate in a more or less horizontal direction. 
In this ca.se the wing has not to contend directly against 
gravity (a wing which flaps vertically must). As a conse- 
quence it is made to tack upon the air obliquely zigzag fashion 
as horse and carriage would ascend a steep hill l^ide figs. 67 
to 70, p. 141. Compare with figs. 71 and 72, p. 144). In 
this arrangement gravity is overcome by the wing reversing its 
planes and acting as a kite which flies alternately for^vards and 
backwards. The kites formed by the wings of the bat and bird 
always fly forward {fig. 88, p. 166). In the insect, as in the bat 
and bird, the posterior mai^iu of the wing never rises above the 
horizon so as to make an upward and backward angle with it, as 
stated byBorelli, Maiey, and others (ca;a of fig. 114, p. 228), 

WliUe Borelli and his successors are correct as to the wedge- 
action of the wing, tliey have given an erroneous interpretation 
of the manner in which the wedge is produced. Thus Borelli 
states that when the wings descend their posterior margins 
ascend, the two wings formuig a cone whose base is repre- 
sented by cle of fig. 113, p. 220); its apex being repre- 
sented by «/of the same figure. The base of Borelli's cone, 
it wUl be observed, is inclined forwards in the direction of 
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the head of the bird. Now this is just the opposite of what 
ought to be. Instead of the two wings forming one cone, 
the base of which is directerl foneanls, each wing of itself 
forms two cones, the bases of which are directed Ixickicards 
and outwards, as shown at £g. 116. 




In this figure the action of the wing is compared to Uw 
seuiling of an oar, to which it bears a considerable resem- 
blance.^ The one cone, viz., that with its base directed out- 
wards, is represented sAxhd. This cone corresponds to the 
area icapped out by the tip of the wing in the process of eleeat- 
ing. The second cone, viz., that with its base directed back- 
wards, is represented at qp n. This cone corresponds to the area 
mapped owt by the posterior margin of the wing in the process 
of pvpelling. The two cones are produced in virtue of the 
wing rotating on its root and along its anterior margin as it 
ascends and descends (fig. 80, p. 149 ; fig. 83, p. 158). The 
present figure (116) shows the double twisting aetion of the 
wing, the tip describing the figure-of-8 indicated at h efg h d 
ijkl; the posterior margin describing the figure-of-8 indi- 
cated at j) r K. It is in this manner the cross pulsation or wave 
referred to at p. 148 is produced. To represent the action of 
the wing the sculling oar {ab,xs,cd) must have a small scull 
(mn,qr, op) working at right angles to it. This follows because 

' In sculling strictly Epaaking, it is the upper surface of the oar wliich is 
most effective ; ivhereas iu flying it is the under. 
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the wing has to elevate as well as propel ; the oar of a boat 
when employed as a scull only propelling. In order to elevate 
more effectually, the oars formed by the wings are made to 
oscillate on a level with and under the volant animal rather 
than above it; the posterior margins of the wings bciug made 
to oscillate on a level with and below the anterior margins 
(pp. 160, 151). 

Borelli, and all who have written since hia time, are 
unanimous in affirming that the horizontal transference of the 
body of the bird is due to the perpendicular vibration of the 
wings, and to the yielding of the posterior or flexible mai^ns 
of the wings in au upward direction as the wings descend. 
I am, however, as already stated, disposed to attribute 
the transference, I si, to the fact that the wings, both when 
elevated and depressed, leap forwards in carves, thdse curves 
uniting to form a continuous waved track ; 2d, to the 
tendency which the body of the bird has to swing for- 
wards, in a more or less horizontal direction, when once set 
in motion ; 3d, to the construction of the wings (thoy are 
elastic helices or screws, which twist and untwist when they 
are made to vibrate, and tend to bear upwards and onwards 
any weight suspended from them); 4^1, to the reaction of 
the air on the under surfaces of the wings, which always act 
as kites; 5^ to the ever-varying power with which the 
wings are urged, this being greatest at the beginning of 
the down stroke, and least at the end of the up one ; Gth, 
to the contraction of the voluntary muscles and elastic liga- 
ments ; 7th, to the effect produced by the various inclined 
surfaces formed by the wings during their oscillations ; 8th, 
to the weight of the bird — weight itself, when acting upon 
inclined planes (wings), becoming a propelling power, and so 
contributing to horizontal motion. This is proved by the 
fact feat if a sea bird launches itself from a cliff with ex- 
panded motionless wings, it smIs along for an incredible 
distance before it reaches the water (fig. 103, p. 186). 

The authors who have adopted Borelli's plan of artificial 
wing, and who have indorsed his mechanical views of the 
action of the wing most fuily, are Chabrier, Strans-Durckheim, 
Girard, and Marey. Borelli's artificial mng, as already ex- 
plained (p. 220, fig. 113), consists of a rigid rod (e,r) in 
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front, and ajkxibh sail (a, o) composed of feathers, behind. It 
acta upon the air, and the air acts upon it, as occasion demands. 

ChaMm's Views. — Chabiier states that the wing has only- 
one period of activity — that, in fact, if the wing be suddenly 
lowered by the depressor muscles, it is elevated solely by the 
reaction of the air. There is one unanswerable objection to 
this theory — the bats and birds, and some, if not all the 
insects, have distinct elevator muscles. The presence of well- 
developed elevator muscles implies an elevating function, and, 
besides, we know that the insect, bat, and bird can elevate 
their wings when they are not flying, and when, consequently, 
no reaction of the air is induced. 

StraM-Durckhdnt's Fiews. — Durckheim believes the insect 
abstracts from the air by means of the inclined flane a com- 
ponent force (composant) which it employs to sappmi and 
dired itself. In his Theology of Nature he describes a sche- 
matic wing as follows : — It consists of a ri^ rilling in front, 
and ajlexible mil behind. A membrane so constructed wUl, 
according to him, be fit for flight. It will suffice if such a 
sail demies and lowers itself successively. It wiD, of its own 
accord, dispose itself as an inclined plane, and receiving 
oUiquely file reaclion of the air, it transfers into tractile force a 
part of the vertical impnkion it has received. These two parts 
of the wing are, moreover, equaDy indispensable to each other. 
If we compare the schematic wing of Durckheim with that of 
Borelli they will be found to be identical, both as regards 
their construction and the manner of their application. 

Professor Marey, so late as 1 869, repeats the arguments 
and views of Borelli and Durckheim, with very trifling altera- 
tions. Marey describes two artificial wings, the one composed 
of a rigid rod and sail— the rod representing the st^ anterior 
margin of the wing; the sail, which is made of paper bordered 
with card-board, the flexible posterior portion. The other 
wing consists of a riffid nm-vare in front and behind of thin 
parchment which supports fine rods of steel. He states, that 
if the wing only elevates and depresses itself, " iAe resistanee 
of the air is sufficient to produce all the other movements. 
In effect the wing of an insect has not the power of equal 
resistance in every part. On the anterior margin the extended 
nervures make it riyid, while behind it is fine and JlexlMe. 
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During the vigorous depression, of the wing the nen'ure has 
the power of renmning rigid, whereas the flexible porlion, 
being pushed in an upward direction on account of the resist- 
ance it experiences from the air, assumes an obltgite position, 
wliich causes the upper suriiwe of the wing to look forwards." 
..." At first the plane of the wing ia parallel with the body 
of the animal. It lowers itself — the front part of the wing 
strongly resists, the sail which follows it being flexible yields. 
Carried by the ribbing (the anterior mai^in of the wing) which 
lowers itself, the sail or posterior margin of the wing being 
raised meanwliile by the air, which seta it straight again, 
tlie sail will take an intermediate position, and indine itself 
alxiul i5° plus or minvs according to circumstances. The 
wing continues its movements of depression inclined to the hori- 
Kon, but the impulse of the air which continues its effect, and 
naturally acts upon the surfaee which it strikes, has the power 
of resolving itself into two forces, a vertical and a Imizontal 
'orce, the first suffices to raise the animal, the second to mtfve 
dalong." ^ The reverse of this, Marey states, takes place during 
the elevation of the wing — th e resistance of the air from above 
causing the upper surface of the wing to look backwards. The 
fallaciousness of this reasoning has been already pointed 

1 Compiije Marej^s description ^th that of Borelli, a. tranBlalion of vhich 
i Bubjoin. " Let a bird be suspended in tlie ur with its wings sxpandsd, 
and first let the under surfaces (of tho wings) he atrucl hy the air aacending 
perpendicularly to the horizon with such a force that the bird glidii^ down 
is prevented from falling : I sa; that it (the bird) will be impelled with a 
korixotiiol fonoard moliori, b«canee the two osseous rods of the wings are 
able, owing to the strength of the muscles, and beeanse of their hardness, to 
reiki the force qf the air, and Iteiefore to letujn the same form (literally si- 
lent, expansion), but the total breadth of the fen of each wing yields to the 
impiUe qf the air when the flexible feathers are permitted to rotate around 
the mawabria or osseous axes, and henoe it ie necessary tliat the eitremities 
of the wings approsimale each other ; wherefore tie wings acquire the form 
of a wedge wliose point is directed towards tbe tail of the bird, bnt whose 
Enrfaces are compressed on either side by the ascending air in such a manner 
tliat it is driven out in tlie direction of its base. Since, however, the wedge 
formed by the wings cannot move forward unless it carry the body of the bird 
along with it, it is evident that it (the wedge) gives place to the air impelling 
it, and therefore tbe bird jJies/wworrf in a k(ma»ital direciirm. Bnt now let 
the substratum of stil! air be atracli by the fans (feathers) of the wings ivi;h 
a motion perpendicular to the horizon. Since tiio fans and sails of the wings 
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out, and need not be again referred to. It ia not a little 
curious that Borelli's artificial wing sliould have been 
reproducfid in its integrity at a distance of nearly two 
centuries. 

The-Authoj's Views: — his Method of conMiitcUng and allying 
Artificiai Wings as contm-disHnguiJi^d from that of Bm-dli, 
CliabTier, Durckheim, Marey, etc — The artificial wings which 1 
have been in the habit of making for several years differ from 
those recommended by BoreLi, Durckheim, and Marey in 
four essential points ; — 

\d, The mode of construction. 

2d, The manner in which they are applied to the air. 

M, The nature of the power employed. 

Uh, The necessity for adapting certain elastic substances 
to the root of the wing if in one piece, and to the root and 
the body of the wing if in several pieces. 

And, first, as to the manner of construction, 

Borelli, Durckheim, and Marey maintain that the anUiim- 
inargin of the wing sliould be rigid ; I, on the other hand, 
believe tiat no part of the wing whatever should be rigid, 
not even Ike antefim- margin, and that the pinion should be 
flexible and elastic throughout. 

That the anterior margin of the wing should not be com- 
posed of a rigid rod may, I think, be demonstrated in a 
variety of ways. If a rigid rod be made to vibrate by the 
baud the vibration is not smooth and continuous ; on the 
contrary, it is irregular and jerky, and characterized by two 
halts or pauses (dead points), the one occurring at the end of 
the lip stroke, the other at the end of the- down stroke. This 
mechanical impediment is followed by serious consequences 
as far as power and speed are concerned — the slowing of the 
wing at the end of the down and up strokes involving a 

acquire tho form of a wedge, llie point of which is turned towards the tail 
(of tlie birdl, and Biocc tliey suffer the Bnme force and poiupreHBion from 
the air, whetlier the vibratiQ£[ wings Btrikc the audiBturl«d ajr beneath, or 
whethar,on the other hand, the expanded wings (tho osseous axes' remain- 
ing rigid) receive the percnseion of the asoendiog air; in either oaBe the 
fixStUfMhenyitlito tlu impulse, and hence approximate each otier, and 
thus tho bird moves in a/omiard direeUon," — De Motu Animalium, pars 
prima, prop. 19S, 1686. 
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great expenditure of power and a disastrous waste of time. 
Tlie wing, to be effective as an elevating and propelling 
organ, should Iiave no dead points, and should he character- 
ized by a rapid winnowing or fanning motion. It should 
reverse and reciprocate with the utmost steadiness and 
smoothness — in fact, the motions should appear as continuous 
as those of a fly-wheel in rapid motion : they are so in the 
insect (figs. 64, 66, and 06, p. 139). 

To obviate the difficulty in question, it is necessary, in my 
opinion, to employ a tapering dasik rod or series of rods 
bound together for the anterior margin of the wing. 

If a longitudinal section of bamboo cane, ten foct in length, 
and one inch in breadth (fig. 117), be taken by the ex- 
tremity and made to vibrate, it will be found that a wavy 
serpentine motion is produced, the waves being greatest 
when the vibration is slowest (fig. 1 1 8), and least when it 
is most rapid (fig. 119). It wiU further be found that at 
the extremity of the cane where "the impulse is communi- 
cated there is a steady redprocalvag mouemmi devoid of dead 
points. The continuous movement in question is no doubt 
due to the fact that the different portions of the cane 
reverse at different periods — the undulations induced being 
to an interrupted or vibratory movement very much what 
the continuous play of a fly-wheel is to a rotatory motion. 

The Wave Wittg of the AtU!wr. — If a similar cane has added 
to it, tapering rods of whalebone, which radiate in an out- 
ward direction to the exteut of a foot or so, and the whale- 
bones be covered by a thin sheet of india-rubber, an artificial 
wing, resembling the natural one in all its essential points, 
is at once produced (fig. 120). I propose to designate this 
wing, from the peculiarities of its movements, the wave 
•wing (fig. 121), If the wing referred to (fig. 121) be made 
to vibrate at its root, a series of longitudinal Icde) and 
transverse (fgh) waves are at once produced; the one series 
running in the direction of ihe length of the -wing, the other in 
the direction of -Us breadth (mde p. 1 i8). This wing further 
twists and unlvdsts, iignre-of-8 fashion, during the up and down 
strokes, as shown at fig. 123, p. 239 (compare with figs. 82 
and 83, p. 158; fig. 86, p. 161; and fig. 103, p. 186). 
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There is, moreover, a continuous play of the wing; the 
down stroke gliding into the up one, and vice versd, which 
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clearly shows tliat tbe down and up strokes are parts of one 
whole, and that neitlier is perfect witliout the other. 

The wave wing is endowed with the very remarkable pro- 
perty that it will fly in any direction, demonstrating more or 
less clearly that flight is essentially a progressive movement, 
i.e. a horizontal rather than a vertical movement. Thus, if 
the anterior or thick margin of the wing be directed up- 
wards, so that the under surface of the wing makes a forward 
angle with the horizon of 45°, the wing will, when made to 
vibrate by the hand, fly witli an undulating motion in an 
upward direction, like a pigeon to its dovecot. If the under 
surface of the wing makes no angle, or a very small forward 
angle, with the horizon, it will dart forward in a aeries of 
curves in a hminontai direction, like a crow in rapid horizontal 
flight If the anterior or thick margin of the wing he directed 
downwards, so that the under surface of the wing makes a 
hacheard angle of 45° with the horizon, the wing will de- 
scribe a waved track, and fit/ downwards, as a sparrow from 
a house-top or from a tree (p. 230), In aU those move- 
ments progression is a necessity. The movements are 
continuous gliding forwa/rd movemenis. There is no halt or 
pause between the strokes, and if the angle which the under 
surface of the wing makes with the horizon be properly 
regulated, the amount of steady tractile and buoying power 
developed is truly astonishing. This form of wing, which 
may he regarded as the realization of the figure-of-8 theory 
of flight, elevates and propels both during the down and up 
strokes, and its working is accompanied with almost no slip. 
It seems literally to float upon the air. No wing that is 
rigid in the anterior margin can twist and untwist during its 
action, and produce the figure-of-8 curves generated by the 
hving wing. To produce the curves in question, the wing 
must be flexible, elastic, and capable of change of form in all 
its parts. The curves made by the artificial vring, as has 
been stated, are largest when the vibration is slow, and least 
when it is quick. In like manner, the air is thrown into 
large waves by the slow movement of a large wing, and into 
small waves by the rapid movement of a smaller wing. The 
size of the wing mrves and air -waves bear a fixed relation to 
each othjr, and both are dependent on the rapidity with 



.y Google 



AEKONAUTICS. 239 

which the wing is made to vibrate. This is proved by the 
fact that insects, in order to fly, require, as a rule, to drive 
their small wings with immense velocity. It is further 
proved by the fact that the small humming-bird, in order to 
keep itself stationary before a Sower, requires to oscillate its 
tiny wings with great rapidity, whereas the large humming- 
bird (Palagona ffiffos), as was pointed out by Darwin; can 
attain the same object by flapping its lai^ wings with a very 
slow and powerful movement. In the larger birds the move- 
ments are slowed in proportion to the size, and more 
especially in proportion to the length of the wing ; the cranes 
and vultures moving the wings very leisurely, and the large 
oceanic birds dispensing in a great measure with the flapping 
of the wings, and trusting for progression and support to tlie 
wings in the expanded positioo. 
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This leads me to conclude that very large wings may be 
driven with a comparatively slow motion, a matter of great 
importance in artificial flight secured by the flapping of 
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How to comtmd aw (wtifidai Wave Wing on, ike Inseet 
type. — The following appear to me to be essential features ia 
the construction of an artificial wing : — 

The wing should be of a generally triangular shape. 

It should taper from the root towards the tip, and from 
the anterior margin in the direction of the posterior margin. 

It should be convex above and concave below, and slightly 
twisted upon itself. 

It should be flexible and elastic throughout, and should 
twist and untwist during its vibration, to produce figure-of-S 
curves along its margins and tiiroughout its substance. 

Such a wing is represented at fig. 122, p. 339, 

If the wing is in more than one piece, joints and springs 
require to be added to the body of the pinion. 

In making a wing in one piece on the model of the insect 
wing, such as that shown at fig. 122 (p. 239), I employ one or 
more tapering elastic reeds, which arch from above downwards 
{a b) for the anterior margin. To this I add tapering elastic 
reeds, which radiate towards the tip of the wing, and which 
also arch from above downwards (g, h, i). These latter are so 
arranged that they confer a certain amount of spiTality upon 
the wing ; the anterior (a i) and posterior (c tf) margins being 
arranged in different planes, so that they appear to cross each 
other. I then add the covering of the wing, which may con- 
sist of india-rubber, silk, tracing cloth, linen, or any similar 
substance. 

If the wing is large, I employ steel tubes, bent to the 
proper shape. In some cases I secure additional strength by 
adding to the oblique ribs or stays {ghi of fig. 122) a series 
of very obhque stays, and another series of cross stays, as 
shown at m and a,n,o,p,q<ii fig 123, p. 241. 

This form of wing is made to oscillate upon two centres 
viz. the root and anterior margin, to bring out the peculiar 
eccentric action of the pinion. 

If I wish to produce a very delicate light wing, I do so by 
selecting a fine tapering elastic reed, as represented at a J of 
fig. 124. 

To this I add successive layers {i, h, g, /, e) of some flexible 
material, such as parchment, buckram, tracing cloth, or even 
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paper. As the layers overlap each other, it follows that there 
are five layers at the anterior margin (ai), and only one at 
the posterior (cd). This form of wing is not twisted upon 
itself structurally, but it twists and untwists, and becomes a 
true screw during its action. 
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layera, e. Portion of wing composed of five layers, z, Ball-nnd-aocket Joint 
at root of wing.— Orijimit 

Fio. 19G. — Plojfibla vMtndar vjing with Indla-ruhher springs attached to 1t3 

o, h. Anterior margin of wing, tapering nod elastic, c d, Foaleiior margin 
nf wing, elastic. f,f,/. Segments which open dnrliig the up utroke and 

and opcu and close instantly, x, Univensl joint, m. Superior elaatlo 
land, n. Ditto inferior, o, Ditto nnlerior. p, q, Dlltfi ohlique. r. Ring 
into wlilch the clastic bandt are axed,— Oi-J^Inil. 

HotB to constiitct a Worn Wing which shall evade the super- 
im/poied Air duniu/ the Up Stroke. — To construct a wing which 
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shall elude the air during the up stroke, it is necessi\ry to 
make it valvular, aa shown at fig. 125, p. 2il. 

This wing, as the figure indicates, is composed of numermis 
m/rrovi segmMts (fff), so arranged that the air, when the 
wing is made to vibrate, opens or separates them at the 
beginning of the up stroke, and closes or brings them together 
at the beginning of the down stroke. 

The time and power required for opening and closing the 
segments is comparatively trifling, owing to their extreme 
narrowness and extreme lightness. The space, moreover, 
through which they pass in performing their valvular action 
is exceedingly small. The wing under observation is flexible 
and elastic throughout, and resembles in its general features 
the other winga descrilsed. 

I have also constructed a wing which is self-acting in 
another sense. This consists of two parts — the one part 
being made of an elastic reed, which tapers towards the ex- 
tremity; the other of a flexible sail. To the reed, which 
corresponds to the anterior margin of the wing, delicate 
tapering reeds are fixed at right angles ; the principal and 
subordinate reeds being arranged on the same plane. The 
flexible sail is attached to the under surface of the principal 
reed, and is stifler at its insertion than towards its free mar- 
gin. When the wing is made to ascend, the sail, because of 
the pressure exercised upon its upper surface by the air, 
assumes a very oblique position, so that the resistance ex- 
perienced by it during the wy sfrofe ia very slight. When, 
however, the wing descends, the sail instantly flaps in an 
upward direction, the subordinate reeds never permitting its 
posterior or free margin to rise above its anterior or fixed 
margin. The under surface of the wing consequently descends 
iu such a manner as to present a nearly flat surface to the earth. 
It experiences much resistance from tlie air during the d(mm 
stroke, the amount of buoyancy thus furnished being very 
considerabla The ahove form of wing is more effective 
during the down stroke than during the up one. It, however, 
elevates and propels during both, the forward travel being 
greatest during the down stroke. 

Compound Warn IFing of i/ie Author. — In order to rondor 
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the movements of the wing as simple as possible, I was 
induced to devise a form of pinion, which for the sake of dis- 
tinction I shall designate the Compound Wave Wing. This 
wing consists of two wave wings united at the roots, as 
1 at hg. 126, It is impelled by steam, its centre 




being fixed to the head of the piston by a compound joint 
(^), which enables it to move in a circle, and to rotate along its 
anterior margin {ahc dj A, A') in the direction of its length. 
The circular motion is for steering purposes only. The wing 
rises and falls with every stroke of the piston, and the move- 
ments of the piston are quickened during the down stroke, 
and slowed during the up one. 

During the up stroke of the piston the wing is very 
decidedly convex on its upper suiface {ahcd; A,A'},ita 
under surface being deeply concave and inclined obliquely 
upwards and forwards. It thus evades the air during the up 
stroke. During the down stroke of the piston the wing is 
flattened out in every direction, and its extremities twisted 
in such a manner as to form two screws, as shown at a' V e' d'; 
^ fg'k'; B,£' of figure. The active area of the wing is by 
this m.eans augmented, the wing seizing the air with great 
avidity during tlie down stroke. The area of the wing may 
be still further increased and diminished during the down 
and up strokes by adding joints to the body of the wing. 
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The degree of convexity given to the upper surface of the 
wing can be increased or diminished at pleasure by causing a 
cord (ij; A, A') and elastic band (i) to extend between two 
points, which may vary according to circumstances. The 
wing is supplied with vertical springs, which assist in slowing 
and reversing it towards the end of the down and up strokes, 
and these, in conjunction with the elastic properties of the 
wing itself, contribute powerfully to its continued play. The 
compound wave wing produces the currents on which it 
rises. Thus during the up stroke it draws after it a current, 
which being met by the wing during its descent, confers 
additional elevating and propelling power. During the down 
stroke the wing in like manner draws after it a current whicb. 
forms an eddy, and on this eddy the wing rises, as explained 
at p. 353, fig. 129. The ascent of the wing is favoured by 
the superimposed air playing on the upper surface of the 
posterior mai^in of the organ, in such a manner as to cause 
the wing to assume a more and more oblique position with 
reference to the horizon. This change in the plane of the 
wing enables its upper surface to avoid the superincumbent 
air during the up stroke, while it cpnfers upon its under sur- 
face a combined kite and parachute action. The compound 
wave wing leaps forward in a curve both during the down 
and up strokes, so that the wing during its vibration describes 
a waved track, as shown at a,e,e,g,i of lig. 81, p. 157, The 
compound wave wing possesses most of the pecuharities of 
single wings when made to vibrate separately. It forms a 
most admirable elevator and propeller, and has this advan- 
tage over ordinary wings, that it can be worked without 
injury to itself, when the ma<:hine which it is intended to 
elevate is resting on the ground. Two or more compound 
wave wings may be arranged on the same plane, or super- 
imposed, and made to act in concert They may also by a 
slight modification be made to act horizont-aUy instead of 
vertically. The length of the stroke of the compound wave 
wing is determined in part, though not entirely by the stroke 
of the piston — the extremities of the wing, because of their 
elasticity, moving through a greater space than the centre of 
the wing. By fixing the wing to the head of the piston all 
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gearing apparatus is avoided, and the number of joints and 
working points reduced — a matter of no small importance 
when it is desirable to conserve the motor power and keep 
down the weight. 

How to apply Artificial Wings to the Air. — Eorelli, 
Durckheim, ftferey, and all the writers with whom I am 
acquainted, assert that the wing should be made to vibrate 
veiiically. I believe that if the wing he in one piece it 
should be made to vibrate obliqaely and mm'e or less horizan- 
talhj. I^ however, the wing be made to vibrate vertically, 
it is necessary to supply it with a ball-and-socket joint, and 
with springs at its root {vi n of fig. 125, p. 241), to enable it 
to Imp forward in a curve when it descends, and in another 
and opposite curve when it ascends {vide a, e, e, g, i of fig. 8 1, 
p. 157). This arrangement practically converts the vertical 
vibration into an oblhpie one. If this plan be not adopted, 
the wing is apt to foul at its tip. In applying the wing to 
the air it ought to have a fignre-of-8 movement communicated 
to it either directly or indirectly. It is a peculiarity of the 
artificial wing properly constructed (as it is of the natural 
wing), that U twists and untvnsls and makes figitre-of-8 curves 
during its action (see ab, cd of fig. 122, p. 239), this enabling 
it to seize and let go the air with wonderful rapidity, and 
in such a manner as to avoid dead points. If the wing be 
in several pieces, it may he made to vibrate more vertically 
than a wing in one piece, from the fact that the outer half 
of the pinion moves forwards and backwards when the wing 
ascends and descends so as alternately to become a short and 
a long lever ; this arrangement permitting the wing to avoid 
the resistance experienced from the air during the up stroke, 
while it vigorously seizes the air during the down stroke. 

If the body of a flying animal be in a horizontal position, 
a wing attached to it in such a manner that its under surface 
shall look forwards, and' make an upward angle of 45° with 
the horizon is in a position to be applied either vertically 
(figs. 82 and 83, p. 158), or horizontally (figs. 67, 68, 69, and 
70, p. 141). Such; moreover, is the conformation of the 
shoulder- joint in insects, bats, and birds, that the wiaig can 
he applied vertically, horizontally, or at any degree of obliquity 
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without inconvenience.^ It is in this way that an insect 
which may begin its flight by causing its wings to make 
figure-of-8 horizontal loops (fig. 71, p. Hi), amy gradu- 
ally change the direction of the loops, and make them more 
and more oblique until they are nearly vertical (iig. 73, p. 
144). In the beginning of such flight the insect is screwed 
nearly vertically upwards; in the middle of it, it is screwed 
■upwards ajid forwards; whereas, towards the end of it, the 
insect advances in a imved line almost horizontally (see 
§',/,/,(' of fig. 72, p. 144). The muscles of the wing are 
so arranged that they can propel it in a horizontal, vertical, 
or oblique direction. It is a matter of the utmost importance 
that the direction of the stroke and the nature of the angles 
made by the surface of the wing during its vibration witli 
the horizon be distinctly understood ; as it is on these that 
all flying creatures depend when they seek to elude the up- 
ward resistance of the air, and secure a maximum of elevating 
and propelling power with a minimum of slip. 

As to ike nature of the Forces reguired for propelling Arli- 
fiml Wings. — Borelli, Durckheim, and Marey affirm that it 
suflSces if the wing merely elevates and depresses itself by 
a rhythmical movement in a perpendicular direction ; while 
Chabrier is of opinion that a movement of depression only is 
required. All those observers agree in believing that the 
details of flight are due to the reaction of the air on the sur- 
face of the wing. Eepeated experiment has, however, con- 
vinced me that the artificial wing must be thoroughly under 
control, both during the down and np strokes — the details of 
flight being in a great measure due to the movements com- 
municated to the wing by an intelhgent agent. In order 
to reproduce flight by the aid of artificial wings, I find it 
necessary to employ a power wliich varies in intensity at 
every stage of the down and up strokes. The power which 

' The liumim wilat is ao formed that if a wing he lielii in the hand at an 
upward angle of 45*, the hand can apply It ta the dr in a Tertlcitl or horizontal 
direction wltliout difficiolty. This arises from the power which the hand lias 
of moving in au upward and downward direction, and from side to side with 
equal facility. Tlie hand can also rotate on its lotif^ axis, so that it virtually 
represents all tlie movements of the wing at its root. 
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Buits best ia one which is made to act very suddenly and 
forcibly at the beginning of the down stroke, and which gradu- 
ally abates in intensity until the end of the down strolte, where 
it cpases to act in a downward direction. The power is then 
ma^ie to act in an upward direction, and gradually to decrease 
until the end of the up stroke. The force is thus applied 
more or less continuously ; its energy being increased and 
diminished aecording to the position of the wing, and the 
amount of resistance which it experiences from the air. The 
flexible and elastic nature of the wave wing, assisted by 
certain springs to be presently explained, insure a continuous 
vibration where neither halts nor dead points are observ- 
able. I obtain the varying power required by a direct piston 
action, and by working the steam expansively. The power 
employed is materially assisted, particularly during the up 
stroke, by the reaction of the air and the elastic struc- 
tures about to be described. An artificial wing, propelled 
and regulated by the forces recommended, is in some 
respects as completely under control as the wing of the 
insect, bat, or bird. 

Necessity for stymying the Root of Artificial Brings with 
Elastic Structures in imitation of the Miiscks and Elastic Liga- 
ments of Flying ^mmofe.— Borelli, Durckheim, "and Marey, 
who advocate the perpendicular vibration of the wing, make 
no allowance, so far as I am aware, for the wing leaping 
forward in cunies during the down and up strokes. As a con- 
sequence, the wing is jointed in their models to the frame 
by a simple joint wliich moves only in one direction viz, 
from above downwards, and vice vers&. Obseri'»tion and 
experiment have fully satisfied me that an artificial ■Bing 
to be efiective as an elevator and propeller, ought to Ijp 
able to move not only in an upward and downward direc 
tion, but also in a foitvard, backward, and olhqiie diJ<,cti)n 
nay, more, that it should be free to rotate along its antenor 
margin in the direction of its length ; in fact, that its move- 
ments should be universal. Thus it should be able to rise or 
fall, to advance or retire, to move at any degree of obliquity, 
and to rotate along its anterior margin. To secure the 
several movements referred to I furnish the root of the wing 
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with a ball-and-socket joint, i.e., a universal joint (see x of 
fig. 122, p. 239). To regulate the several movemeDts when 
the wing is vibrating, and to confer on the wing the various 
inclined surfaces requisite for flight, as well as to delegate 
as little as possible to the air, I employ a cross system of 
elastic bands. These bands vary in length, strength, and 
direction, and are attached to the anterior margin of the wing 
(near its root), and to the cylinder {or a rod extending 
from the tylinder) of the model t^ide m.,M of fig. 122, p. 
239). The principal bands are four in number — a superior, 
inferior, anterior, and posterior. The superior band (m) 
extends between the upper part of the cylinder of the 
model, and the upper snrfaee of the anterior margin of the 
wing ; the inferior band (») extending between the under part 
of the cylinder or the boiler and the inferior surface of the 
anterior margin of the pinion. The anterior _and posterior 
bands are attached to (ie anterior and posterior portions of 
the wing and to rods extending from the centre of the 
anterior and posterior portions of the cylinder. Oblique 
bands are added, and these are so arranged that they give to 
the wing during its descent and ascent the precise angles 
made by the wing with the horizon in natural flight. The 
superior bands are stronger than the inferior ones, and are 
put upon the stretch during the down stroke. Thus they 
help the wing over the dead point at the end of the down 
stroke, and assist, in conjunction with the reaction obtained 
from the air, in elevating it. The posterior bands are 
stronger than the anterior ones to restrain within certain 
limits the great tendency which the wing has to leap forward 
in curves towards the end of the down and up strokes. The 
oblique bands, aided by the air, give the necessary degree of 
rotation to the wing in the direction of its length. This 
effect can, however, also be produced independently by the 
four principal bands. From what has been stated it will be 
evident that the elastic bands exercise a restraining influence, 
and that they act in unison with the driving power and with 
the reaction supplied by the air. They powerfully contribut* 
to the continuous vibration of the wing, the vibration being 
peculiar in this that it varies in rapidity at every stage of the 
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down anil up strokes, I derive the motor power, as has heen 
stated, from a direct piston actioo, the piston being urged either 
by steam worked expansively or by the liaiid, if it is merely a 
question of iUustration, In the hand models the " muscular 
sense" at once informs the operator as to what is being done. 
Thus if one of the wave wings supplied with a ball-and-socket 
joint, and a cross system of elastic bands as explained, has a 
sudden vertical impulse communicated to it at the beginning of 
the down stroke, the wing darts downwards and ftmeards in 
a cwve (vide ac, of fig. 81, p. 157), and in doing so il elevates 
and carries the piston and cylinder fmivai-ds. The force 
employed in depressing the wing is partly expended in 
stretching the superior elastic hand, the wing being slowed 
towards the end of the down stroke. The instant the depress- 
ing force ceases to act, the superior elastic band contracts and 
the air reacts ; the two together, coupled with the tendency 
which the model has to fall downwards and forwards during 
the up stroke, elevating the wing. The wing when it ascends 
describes an upward ami forward curve as shown at ce of 
fig. 81, p. 157. The ascent of the wing stretches the inferior 
elastic band in the same way that the descent of the wing 
stretched the superior band. The superior and inferior 
elastic bands antagonize each other and reciprocate with 
vivacity. While those changes are occurring the wing is 
tm>idmg and uniwisHng in the direction of ite length and 
developing figure-of-8 curves along its margins (p. 339, fig, 
122, a b,cd), and throughout its substance similar to what 
are observed under like circumstances in the natural wing 
{wde fig. 86, p. 161 ; fig. 103, p. 186). The angles, moreover, 
ma^e by the under surface of the wing with tbe horizon 
during the down and up strokes are continually varying — the 
wing all the while acting as a kite, which flies steadily 
upwards and fonewds (fig. 88, p. 16li). As the elaBtic 
bands, as has been partly explained, are antagonistic in their 
action, the wing is constantly oscillating in some direction; 
there being no dead point either at the end of the down or 
up strokes. As a consequence, the curves made by the wing 
during the down and up strokes respectively, run into each 
other to form a continuous waved track, as represented at fig. 
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81, p. 157, and fig. 88, p. 16C. A continuous movement 
begets a continuous buoyancy ; and it is <iuite remarkable to 
■wliat an extent, wings constructed and applied to the air 
on the principles explained, elevate and propel — how little 
power is required, and how little of that power is wasted in 
slip. 

If the piston, which in the experiment described has been 
working verOcaUi/, be made to work luyrizontally, a series of 
essentially similar results are obtained. When the piston 
is worked horizontally, the anterior and posterior elastic 
bands require to be of nearly the same strength, whereas 
the inferior elastic band requires to be much stronger 
than the superior one, to counteract the very decided ten- 
dency the wicg has to fly upwards. The power also requires 




HoilzoD. w. V, w, WavQ uack traversed bv vnw fmm lelt 1<> rii^ht t, 
AnBic mads Iw the wing with hoiijon at bfalnnTng of stroke, y. Ditto, 
at midaio of atroko. ^itto. to»ar<la ™d of stmke. r. Wing in the aet 
of reversing; at tills stage the wing mates anangleof 99* with thelioriaiD, 
and its 3p«ed ia leas that nt nay otiier psit of lis CQnrse. s, Wing reversed, 
and In the out of dartlua up to m, to b^in Ito atroke from ilifht to left Itiite 
motflg. 127).— Orifimu. 

to be somewhat differently applied. Thus the wing must 
have a violent impulse communicated to it when it begins the 
stroke from right to left, and also when it begins the stroke 
from left to right (the hmvij paHs of the spiral line repre- 
sented at fig, 71, p. 14 i, indicate the points where the impulse 
is communicated). The wing is tlien left to itself, the elastic 
bands and the reaction of the air doing the remainder of the 
KoA. When the wing is foroed by the piston from right to 
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left, it darts forward in double curve, as shown at fig. 127; 
the various inclined surfaces made by the wing witK the 
horizon changing at every stage of the stroke. 

At the beginning of the stroke from right to left, the angle 
made by the under surface of the wing with the horizon {x x') 
is something like 45° (p), whereas at the middle of the stroke it 
is reduced to 20" or 25° (q). At the end of the stroke the angle 
gradually increases to 45° (6), tlien to 90° (c), aft«r which the 
wing suddenly turns a somersault (rf), and reverses precisely as 
the natural wing does at e,/,sf offigs. 67and 69, p. HI. The 
■ artificial wing reverses with amazing facility, and in the most 
natural manner possible. The angles made by its under 
surface with the horiaon depend chiefly upon the speed with 
which the wing is ui^ed at different stages of the stroke ; the 
angle always decreasii^ as the speed increases, and vice versd. 
As a consequence, the angle is greatest when the speed is least. 

When the wing reaches the point b its speed is much less 
than it was at q. The wing is, in fact, preparing to reverse. 
At c the wing is in the act of reversing (compare c of figs. 84 
and 85, p. 160), and, as a consequence, its speed is at a 
minimum, and the angle which it makes with die horizon at 
a maximum. At d the wing is reversed, its speed being 
increased, and the angle which it makes with the horizon 
diminished. Between the letters d and « the wing darts 
suddenly up like a kite, and at w it is in a position to com- 
mence the stroke from left to right, as indicated at u of fig. 
138, p. 250. The course described and the angles made by 
the wing with the horizon during the stroke from left to 
right are represented at fig. 128 (compare with figs. 68 and 
70, p. 141). The stroke from left to right is in eveiy respect 
the converse of the stroke from right to left, so that a separate 
description is unnecessary. 

The Artificial Wave Wing can be driven at any speed — 
it can make its own mrrents, or idili^ existing oncs.—Hh.e 
remarkable feature in the artificial wave wing is its adapta- 
bility. It can be driven slowly, or with astonishing rapidity. 
It has no dead points. It reverses instantly, and in such a 
manner as to dissipate neither time nor power. It alternately 
seizes and evades the air so as to extract the maxiitinm 
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of support with the minimum of slip, and the minimum 
of force. It supplies a degree of buoying and propelling 
power which is truly remarkable. Its buoying area ia 
nearly equal to half a circle. It can act upon still air, 
and it can create and utilize its own currenta, I proved this 
in the following manner. I caused the wing to make a 
horizontal sweep from right to left over a candle ; the wing 
rose steadily as a kite would, and after a brief interval, the 
flame of the candle was persistently blown from right to left. 
I then waited until the flame of the candle assumed its 
normal perpendicular position, after which I caused the wing 
to make another and opposite sweep from left to right. The 
wing again rose kite fashion, and the flame was a second time 
affected, being blown in this case from left to right. I now 
caused the wing to vibrate steadily and rapidly above the 
candle, with this curious result, that the flame did not incline 
alternately from right to left and from left to right. On the 
contrary, it was blown steadily away from me, i.e. in the 
direction of the tip of the wing, thus showing that the arti- 
ficiid currents made by the wing, met and neutralized each 
other always at mid stroke. I also found that under these 
circumstances the buoying power of the wing was remarkably 
increased. 

Compmmd ivlalion of the Artificial Wave Wing : the different 
raiis of the Wing travel at different speeds. — The artificial 
wave wing, like the natural wing, revolves upon two centres 
{ah, cd of fig. 80, p. 149; fig. 83, p. 158, and fig. 122, 
p. 239), and owes much of its elevating and propelling, 
seizing, and disentangling power to its different portions 
travelling at different rat«s of speed (see fig. 56, p. 120), and 
to its storing up and giving off energy as it hastens to and 
fro Thus the tip of the wm^ moves through a very much 
greater ?paci, in a given time than the root, and so also of the 
postenor itiargin as compared with the anterior Thi^ is 
readdy understood by beanag in mind th\t the loot ot the 
wing foims the centre or ixis of rotation for the tip while 
the anterior margin la the centre oi \xk of rotation for the 
posterior margin The momentum, moreover acquired by 
the wing dming the stroke trjm right to left js uptiiiM la 
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s wing, and in preparing it for the stroke from 
left to right, and vice vend ; a continuous to-and-fro move- 
ment, devoid of dead points being thus established. If the 
artificial vrave wing be taken in the hand and suddenly de- 
pressed in a more or less vertical directum, it immediately 
springs up again, and carries the hand with it. It, in fact, 
describes a curve whose convexity is directed downwards, and 
in doing so, carries the hand upwards and forwards. If a 
second down stroke be added, a second curve is formed ; the 
curves running into each other, and producing a progressive 
waved track similar to what is represen ted at n, c, e, g, i, of 
fig. 81, p. 15T. This result is favoured if the operator runs 
forward so as not to impede or limit the action of the wing. 

lime tlie Wave Wing creates cun-ents, and rises upon them, 
and how the Air assists in eUmting the Wing. — In order to 
ascertain in what way the Mr contributes to the elevation 
of the wing, I made a series of experiments with natural 



and irtificial wmgi The'-e experiments led me to conclude 
t!)it when the wmg descends, as in tlie bat and bird, it 
compresses tnd pushes before it, in a downward and forward 
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flirection, & colmnn of air represented by a,h,e of Hg. 129, p.' 
253.^ The air rushes in from all sides to replace the dis- 
placed air, sts shown at d,e,f,g,h,i, and so produces a circle 
of motion indicated by the dotted line s, t, v, w. The wing 
rises upon the outside of the circle referred to, as more par- 
ticularly seen at d, e, v, v>. The arrows, it will be observed, 
are all pointing upwards, and as these arrows indicate the 
direction of the reflex or back current, it is not difficult 
to comprehend how the air comes indirectly to assist in 
elevating the wing. A similar current is produced to the 
right of the figure, as indicated by I, m, o, p, q, r, but seeing 
the wing is always advancing, this need not be taken into 
accounts 

If fig. 129 be made to assume a horizontal position, in- 
stead of the oblique position which it at present occupies, 
the manner in which an aiiificial mrrenl is produced by 
one sweep of the wing from right to left, and utilized by it 
in a subsequent sweep from left to right, wUl be readily 
understood. The artificial wave wing makes a horizontal 
sweep from right to left, i.e. it passes from the point a to the 
point c of fig. 129. During its passage it has displaced a 
column of air. To fill the void so- created, the air rushes in 
from all sides, viz. from d,e,f,g,h,i; l,m,o,p,q,r. The 
currents marked g, h, i ; p, q, r, represent the reflex or arO- 
jiciul cwrrmts. These are the currents which, after a brief 
interval, force the flame of the candle from right to left. It 
is those same currents which the wing encounters, and which 
contribute so powerfully to its elevation, when it sweeps from 
left to right. The wing, when it rushes from left to right, 
produces a new series of artificial currents, which are equally 
powerful in elevating the wing when it passes a second time 
from right to left, and thus the process of making and 
utilizing currents goes on so long as the wing is made to 
oscillate. In waving the artificial wing to and fro, I found 

1 file artificinl onrrents proiluoed by the wing daring its tleacent mnj' be 
reftdily seen by partially filling a ehnmbflr with stenm, smok«, or some imp,Tl- 
pnble white powder, and causing the mlng to descend in its midst. By a 
littla practice, tbo eye will not fail to di^teot the cni'tents repiiaented at 
d, e,f, g, k, i, I, «i, 0, p, g,rot flg. 12S, p. 253. 
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the best results were obtained when the range of the wing 
and the speed with which it was urged were ao regulated as 
to produce a perfect reciprocation. Thus, if the range of the 
wing be great, the speed should also be high, otherwise the 
air set in motion by the right stroke wUl not be utilized by 
the left stroke, and vice vm'sd. If, on the other hand, the 
range of the wing be small, the speed should also be low, as 
the short stroke will enable the wing to reciprocate as per- 
fectly as when the stroke is longer and the speed quicker. 
When the speed attained is high, the angles made by the 
under surface of the wing with the horizon are diminished ; 
when it is low, the angles are increased. From these re- 
marks it will be evident that the artificial wave wing reci- 
procates in the same way that the natural wing reciprocates ; 
the reciprocation being most perfect when the wing is 
vibrating in a given spot, and least perfect when it is travel- 
ling at a high horizontal speed. 

Ths AHifidal Wing propelled at various degrees of speed 
during the Down and Up Strokes. — The tendency which the 
artificial wave wing has to rise again when suddenly and 
vigorously depressed, explains why the elm)atoT muscles of 
the wing should be so small'when compared with the depi-essor 
muscles — ^the latter being something like seven times larger 
than the former. That the contraction of the elevator 
muscles is necessary to the elevation of the wing, is abun- 
dantly proved by their presence, and that there should be so 
great a difference between the volume of the elevator and 
depressor muscles is not to be wondered at, when we remem- 
ber that the whole weight of the body is to be elevated by 
the rapid descent of the wings — the descent of the wing 
being entirely duo to the vigorous contraction of the powerfiil 
pectoral muscles. If, however, the wing was elevated with 
as great a force as it was depressed, no advantage would be 
gained, as the wing, during its ascent (it acts against 
gravity) would experience a much greater resistance from 
the air than it did during its descent. The wing is con- 
sequently elevated more slowly than it is depressed; the 
elevator nmseles exercising a controlling and restraining 
influence. By slowing the wing during the up stroke, 
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the air has 'an opportunity of reacting on its under sur- 
face. 

Ths Artificial fFam Wing as a Propeller.— TUt wave 
wing makes an admirable propeller if its tip be directed 
vertieaMy dmemmrds, and the wing lashed from side to side 
■with a sculling figure-of-8 motion; similar to that executed by 
the tail of the fish. Three wave wings may be made to act 
in concert, and with a very good result ; two of them being 
made to vibrate figure-of-8 fashion in a more or less horizontal 
direction with a view to elevating ; the third being turned in 
a downward direction, and made to act vertically for the 
purpose of propelling. 




A New I'oi-m of Aetial Screw. — If two of the wave wings 
represented at fig. 123, p. 239, be placed end to end, and 
united to a vertical portion of tube to form a two-bladed 
screw, similar to that employed in navigation, a most powerful 
elastic aerial screw is at once produced, as seen at fig. 130. 
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This screw, which for the sake of nniformity I denominate 
the aUrial warn screw, possesses advantages for aerial pur- 
poses to. which no form of rigid screw yet devised can lay 
claim. The way in which it clings to the air during its 
revolution, and the degree of buoying power it possesses, are 
quite astonishing. It is a self-adjusting, self-regulating screw, 
and as its component parts are flexible and elastic, it accom- 
modates itself to the speed at which it is driven, and gives 
a uniforai buoyancy. The slip, I may add, is nominal in 
amount. This screw is exceedingly light, and owes its efficacy 
to its shape and the graduated nature of its blades; the 
anterior margin of each blade being comparatively rigid, 
the posterior margin being comparatively flexible and 
more or less clastic. The blades are kites in the same 
sense that natural wings are kites. They are flown as such 
when the screw revolves. I find that the aerial wave screw 
flies best and elevates most when its blades are inclined at a 
certiun upward angle as indicated in the figure (130). The 
aerial wave screw may have the number of its blades in- 
creased by placing the one above the other ; and two or more 
screws may he combined and made to revolve in opposite 
directions so as to make them reciprocate; the one screw pro- 
ducing the current on wljich the other rises, as happens in 
natural wings. 

The Aerial Wave Screw operates also upon Water.- — The 
forin of screw just described is adapted in a marked manner 
for water, if the blades be reduced in size and composed of 
some elastic substance, which will resist the action of fluids, 
as gutta-percha, carefully tempered finely graduated. steel plates, 
etc. It bears the same relation to, and produces tlie sauie 
results upon, water, as the taU and fin of the fish. It throws 
its blades during its action into double figure-of-8 curves, 
similar in all respects to those produced on the anterior and 
posterior margins of tlie natural and artificial flying wing. As 
the speed attained by the several portions of each blade varies, 
so the angle at which each part of the blade strikes varies; 
the angles being always greatest towards the root of the blade 
and least towards the tip. The angles made by the different 
portions of the blades are diminished in proportion as the 
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speed, witli whieli the screw is driven, is increased. The 
screw in this manner is self-adjusting, and extracts a large 
percentage of propelling power, with very little force and 
surprisingly little slip. 

A similar result is obtained if two finely graduated angular- 
shaped gutta-percha or steel plates be placed end to end and 
applied to the water (vertically or horizontally matters little), 
with a slight sculling figure-of-8 motion, analogous to that 
performed by the tail of the fish, porpoise, or whale. If the 
thick margin of the plates be directed forwards, and the 
thin ones backwards, an unusually effective propeller is pro- 
duced. This form of propeller is likewise very effective in air. 



CONCLUDING REMARKS. 

From the researches and experiments detailed in the pre- 
sent volume, it will be evident that a remarkable analogy 
exists between walking, swimming, aod flying. It will 
further appear that the movements of the tail of the fish, and 
of the wing of the insect, bat, and bird can be readOy imi- 
tated and reproduced. These facts ought to inspire the 
pioneer in aerial navigation with confidence. The land and 
water have already been successfully subjugated. The realms 
of the air alone are unvauquished. These, however, are so 
vast and so important as a highway for the nations, that 
science fmd civUisation equally demand their occupation. 
The history of artificial progression indorses the belief that 
the fields etherean will one day be traversed by a machine 
designed by human ingenuity, and constructed by human 
skill. In order to construct a successful flying ntachine, it is 
not necessary to reproduce the filmy wing of the insect, the 
silken pinion of the hat, or the complicated and highly differ- 
entiated wing of the bird, where every feather may be said 
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to Iiave a peculiar function assigned to it ; neither is it neces- 
sary to reprottuee tlie intricacy of that machinery hy which 
the pinion in the bat, insect, and bird is moved : all that is 
required is to distinguish the properties, form, extent, and 
manner of application of the several flying surfaces, a task 
attempted, however imperfectly executed, in the foregoing 
pages. When Vivian and Trevithick devised the locomo- 
tive, and Symington and Bell the steamboat, they did 
not seek to reproduce a quadruped or a fish ; they simply 
aimed at producing motion- adapted to the land and 
water, in accordance with natural laws, and in the pre- 
sence of living models. Their success is to be measured by 
an involved labyrinth of railway which extends to every 
part of the civilized world; and by navies whose vessels are 
despatched without trepidation to navigate the most boisterous 
seas at the most inclement seasons. The aeronaut has a 
similar but more difficult task to perform. In attempting to 
produce a flying-machine he is not necessarily attempting 
an impossible thing. The countless swarms of flying crea- 
tures testify as to tlie practicability of such an undertaking, 
and nature supplies him at once with models and materials. 
If artificial flight were not attainable, the insects, bats, and 
birds would furnish the only examples of animals whose 
movements could not be reproduced. History, analogy, 
observation, and experiment axe all opposed to this view. 
The success of the locomotive and steamboat is an earnest 
of the success of the flying machine. If tlie difficulties to 
be surmounted in its construction are manifold, the triumph 
and the reward will be correspondingly great It is impos- 
sible to over-estimate the boon which would accrue to mankind 
from such a creation. Of the many mechanical problems before 
the world at present, perhaps there is none greater than that 
of aerial navigation. Past failures are not to be regarded 
as the harbingers of future defeats, for it is only within 
the last few years that the subject of artificial flight has 
been taken up in a true scientific spirit Within a com- 
paratively brief period an enormous mass of valuable data 
has been collected. As societies for the advancement of aero- 
nautics have been established in Britain, America, France, 
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and other countries, there is reason to believe that our 
knowledge of this most difficult department of science will 
go on increasing until the knotty problem is finally solved. 
If this day should ever come, it will not he too much to 
affirm, that it will inaugurate a new era in the history of 
mankind ; and that great as the destiny of our race has been 
hitherto, it will be quite out-lustred by the grandeur and 
magnitude of coming events. 
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By HERBERT SPENCER. 



no. Clolh. 



or the Science ur Sociology. 1( is intended lo prepare the wsj' for the amhor's great 
woricon the "Principles of Sociology," which is to follow the "Prindples of Psyihol- 

umc is complete in ii^lfl Its style is exceedingly clear and vigoious, and iJie hook 
abounds with a wealth of illuslration. 

" The philosopher whose distinguished name gives we^ht and infltieoce to this vol' 



id depanmenis. There is a £iscii 

hirh rfraws no the reader lo ascert 

jt aeknowli 



_'"e"ohiecrinn. ,"1 

id eSbtt, on Ihe part of die r 



low, EFasp, and appropriate his principles. This book, independently of its beatiog 
upon socicJogy, b valuahle as lucidly showing what those essential charscteiistics ate 
which entitle any arrangement and connccdoo of facts and deductions to he caUed a 
sciejtct. ' '— Episcopalian. 

"To those who are aUeady acquainted witfi Mr. Spencer's wiiimg, there is no need 
of recommending the work ; lo Ihi^ who ate not, we would say, that by reading ' The 
Study of Sociology ' they will gain the acquaintance of an author who, for knowledge, 
deptt of thought, skill in elucidation, and originality of ideas, stands prominently fcr- 
wardin the front rank of the gkiriotis army of modem tlunkeis. 'The Study of Soci- 

elegant appearance is worthy of the great publishing-house of Messrs. Appleton & Co." 
—Bsilox SaiilU. 

with so high □ standard and which is being so successfidly canted out The value and 
character of the whole may fiuriy be iuda« by this and Uie preceding volumes. The 
principle of the enterprise is that each autaeet shall be treated by the writa of greatest 
eminence in diat department of inquiry, aod it is well illuslratea in the present woik. 
Herbert Spencer is unqucadonably the foremost Hving Ihinker in the psj^cliobgicpl and 
sodok^cal ftdds, and this volume is on important contrihotion to the sdenco of whu^ 
it treats. .... It wiQ prove more popular than any of Its anther's other cteatienfli for 
it is more plainly addressed Co the people and has a more practical and less speculate 
cast. It will requite thought, hut it is well worth thinking about. "< — Ai&aity Evening; 
JmrnaL 

" Wheflier the reader agrees with the author or not, he will be delighted with Ihe 
wotk, not onW for the beauty and purity of its style, and hteadth and cyclopedic char, 
acterof Mr. Spencer's mind, hut aisc for its freedom from prejudkeandkutdredimpcr- 
fections."-A'ff™ft* BntttHH. 

"This work compels admiration by the evidence, which it gives of immense re. 

style. ' It is a fascinating workj as well as one of deep practical Ihoughl."— .flaj&n Foil. 
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The New Chemistry. 

By JOSIAH P. COOKE, Jr., 

Erving Professor of Chemistry and Mineralogy in Harvard Univcrsily. 

1 voL, lamo. Cloth Price, $2.00. 

"The book of Prof. Cooke is a model of ihs modem popular science wark. It has 
companion, eilher for the voyage or ibe itaiy. "—Daay Graphic. 

" This admirable monocrsph. by Ibe dislingui&hed ErvinEProfessor of CheniUiry 
in Harvard Uoiveiuly, is Uie first American cnnlribution to 'The InlErnaiional Scien- 
tific Series,' and a more atiracrive mede ot work in the way of popular exposition upon 
adifficuksnlgect has not appeared id along time. Tt not only we]] sustains the char' 
acter of the volumes with which it is associated, but its reproductioo in European coun- 

tiineiy, for, between die abandonment of its old views and the bewUdeiment caused 
by the new, chemical science was getting into a demoralized condiiioQ. A wnrk was 
greatly neued that should relieve the discomfort of transition, and bridge over the 
gulf tKtween the old Older of ideas and those which are to succeed them. Prolessor 
(Joote'a compendious conlribulion to the present eiigenciea of chemical literature will 
give Ibe students of the science exactly the help they need, and pass Ibem over by an 
easy and pleasant route into the new realm of chemical philosophy." — Nnv York 
Tr&tmt. 

" All the chemists in (he country will eiyoy its perusal, and many will soze upon it 
asatbinglonp^for. For, to those advanced students who have kepi well abreast of 
tbecheimcal tide, it oflers a calm philosophy. To those others, youngestof the class, 
who have emerged from the schous unca new methods have prevailed, it presents a 
generalization, drawing; to its use all the data, the relations ttf which the newV-^dged 
iact-seeker may but dimly peicdve witiiout its aid. ... To the old chemiau, Fn)£ 
Cooke's treatise is like B mesaajB fiom beyond the mountain. They- have heard of 
changes in the science; the clash of ^ battle of old and new tlteoriea has stirred diem 
from afar. The tidings, too, had come that the old had given way; and litdc more than 
this they knew. . . . Prof, Cooke's'New Chemistry' mustdo wicle service bbringing 
10 close sight the little known and the longed for. ... As a philosophy it is eFemen- 
taiy, but, as a book of science, ordinary readers will find it sufficiently advanced." — 

" A book of much higher rank than most publicadons of its class. It treats only 
of modem chemical theories— relating to molecules, combining pFopoititins, reactions, 
atomic weighB, isoinerism, and the synthesis of organic compounds — taking one into 
the very arcana of chemical mysteries. Though there are no more recondite branches 



fii^alned and iliastratcd, such is Professor Cocke's 



clearness that be may be said tomue every tiling iJain -—-.a- , 

will but take pains with his lessons. Professor Co9re nnninds us, in his shnplicily and 
lucidity of srjuement, of Professor TyndaH, thanidiich dierecBdbenolii^ierpiBise," 
— JVsw Kof* ytima! of Comment. 

" The aim of the woit is to furnish a hand-book of a symmeOical science, resting 

in the state 0? gas and under°like conditions, contain the''^me number of molecules/ 
It is to a rigid adherence to this law and the deductions which flow from it that chem- 
istry, as now taught, owes the marked diflerence which separates it fiom the chemistry 
taught a few years ago. The original lectures of Professor Cooke, enlarged and 
somewhat modified, present in their present fiirm a clear and Aill eiqiosilion of the sci- 
ence, and will fimn a useful text-book as well a^ a volume of unusual interest to the 
lovers of physical science,"— JV™ Y<,rh WorM. 
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An Important Work for Manufacturers, Chenrrsts, and Students. 

A HAND-BOOK 

Chemical Technology. 

By Rudolph Wagner, Ph. D., 



By Wm. Ceookes, F. R. S. 

U^itA ^^fi IHustratipjls. i vol., 8zw. >jft\ pages. Chtk, $5.00. 

Tht several edilions of Professor Rudolph Wagiie?'s " Handbuch i/et 

Chimisckcn TuhnBlogie " Aave succeedid each ether so 

rapidly, that no apology is needed in offering 

a translation to the public. 

UiTder the head of MctaUurgic Chemistry, ihe laicst methgds of preparing fnm, 
Cobalt, Nickel, Copper, Copper Salts, Lead and Tin Imd (heir Salts, ISismuth, Zinc, 
Hnc Salts, Cadmium, Aplboony, Arseoic, Mercury, Platinum, Silver, Gold, Man- 
Voltaic CuTTeuE to Electro-Melallurg; follow under this division. The Preparation oi 
Potash and Soda Salts, the Manufacture of Sulphunc Add, and the Recovery of Sul- 
phur from Soda- Waste, of course occupy prominent places in the consideration of 
chemical manufactures. Il is difficult to over-estimate the mercantile value of Mond's 
process, as well as the many new and important applications of Bisulphide of Carhon. 
Ttie manufaclnre of Soap will be found to include much detaiL The Technoli^y of 
Glass, Stoneware, Limes and Mortais, will present much of interest to the Builder and 
Engineer. The Tschnobgy of Vegetable Fibres has been considered 10 include the 
preparation of Ftai, Hemp, Cotton, as v;ell as Paper-making: whUe the applications 
of VecetabTe Products wiU be found 10 include Sugar-boUin£, Wine and Beer Brewing, 
Ihe Distillaticn of Spbits, the Baking of Bread, the Preparation of Vinegar, the Preset- 
vad f Wood. etc. 

D W g gives much infonnation In reference to the production of Potash from 
S ga d es The use of Baryta Salts is also fully described, as well as the prepa- 
n S gar from Beet rnols. Tanning, the Prescrvalion of Meat, Milk, etc, the 

Preparati n Phosphorus and Animal Charcoal, are considered as belonging to the 
T h ogy Anunil Products. The Preparation of the Materials for Dyeing has 
H essan quired much space ; while the linnl sections of the book have been de- 
« d h TechnologyofHealingaiid Illumination. 
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